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HIGHLIGHTS 


e This study characterizes nation’s role in potential inter-state hydrogen network. 


e Japan, South Korea, Australia, New Zealand may lead the inter-state hydrogen network. 


e Singapore and Brunei Darussalam hold potential as key players in capital resources. 


e Australia, Brunei Darussalam, Indonesia are amongst the potential energy suppliers. 


e Low-tariffs countries are enticing for hydrogen infrastructures institution. 
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ABSTRACT 


This paper reviews the prospect to institute the inter-state hydrogen energy system on 
selected countries in Asia-Pacific region, through individual evaluation from the nexus of 
technology, social and economy perspectives, and further utilizing the respective strengths 
to identify the inter-state hydrogen network strategy in Asia-Pacific region, or ‘Asia-Pacific 
Hydrogen Valley’. Domestic energy self-sufficiency based on the existing energy sources 
produced nationally is also considered in the review. In looking into the prospective of 
hydrogen energy system adoption, four indicators are set based on domestic energy ca- 
pacity, national wealth, society development and research and development (R&D), which 
are generalized according to the population size of the country. Countries of assessment 
are Indonesia, Malaysia, Brunei Darussalam, Philippines, Singapore, Vietnam, Thailand, 
Japan, South Korea, Australia and New Zealand. This study reveals that nations with active 
hydrogen policies and high R&D capacity could lead the strategy, while countries with high 
capacity in primary energy supply and economy advantage would benefit the group in 
catering the energy and commercial resources, respectively. Social acceptance is another 
critical aspect, as countries with high social security index could potentially reduce the risk 
of public rebuttal against the energy system transformation. This paper also extensively 
discusses the existing energy profile, policies and strategies of each country, which become 
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the basis in potential identification of the country to adopt the new hydrogen energy 


system in the future. 
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Introduction 


The current global stream in supplying energy seems cannot 
be detached from the non-renewable, fossil fuels. This only 
rational since the establishments and systems have been 
long- and well-structured from the exploration and exploi- 
tation activities, refineries, massive logistic transportation, to 
the end-user delivery. Fossil fuel energy sources are still 
strongly insistent globally, owing to the complex and thor- 
ough policies, strategies and pricing. However, the practice 
carries adverse residuals. The indisputable factor comes from 
the resources, which are non-renewable. With the current 


likely to be rapidly diminished in a period less than 50 years 
[1]. For natural gas and coal, the reserves are envisioned to 
can only assist the demand for up to 60 and 156 years, 
respectively [2]. As for the end-users, they will be affected 
directly by the hiked retail price when fossil fuels are closer to 
depletion. Regarding to the hiked consumer price, oil price 
had spiked and was unstable few times in the 2000's and 
2010's, causing a global shock. Aside from socio-economy 
effect, the dependency on fossil fuel famously results in 
environmental quality degradation. Combustion products 
from long carbon chain pollute the air, which then lead to 
greenhouse effect. This creates a domino effect that shifts the 
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Abbreviations 


AUS Australia 

BAU Business-as-usual 

BND Brunei Darussalam 

DECP Domestic energy capacity per capita 
DSSR_ _— Domestic self-sufficiency ratio 

ED Education dimension 

FCEV ‘Fuel cell electric vehicle 

FCHJU Fuel Cells and Hydrogen Joint Undertaking 
FIT Feed in tariff 

GDP Gross domestic product 

GDPI GDP per PPP capita index 


HDI Human development index 
HPI HDI in the country pool 
HDP HDI in the pool 


INA Indonesia 

JPN Japan 

KOR Korea 

LEX Life expectancy level 

LSE Living standard earning 
MAS Malaysia 

NZL New Zealand 

PHP Philippines 

PPP Purchasing power parity 
RDEI Research and development expenditure index 
R&D Research and development 
SIN Singapore 

THA Thailand 

TPES Total primary energy supply 
VIN Vietnam 


climate stability. By 2100 it is forecasted CO emission will be 
accumulated to above 6000 gigatons, and 5—8°C increase in 
worldwide temperature [3]. 

Alternative resources are essential in the substitution of the 
non-renewable fossil fuels. In addressing the topic, many have 
shown the efforts reaching the alternatives through the more 
sustainable energy sources. For transportation sector, biodiesel 
is a renewable diesel fuel derived from edible and non-edible 
vegetable oils [4—11]. Bioethanol can be blended with conven- 
tional petrol in spark ignition engine, resulting a fuel with 
higher octane number and lowering the side-effects of the 
exhaust gases to the environment [12—17]. Power generation by 
means of wind energy has been long pursued now, and the life 
cycle assessment for onshore and offshore wind turbines has 
been studied [18]. Further, assessments on power generation 
using biomass as fuel have shown positive favors [19,20] In 
solar energy, advancement has brought nanofluids to enhance 
the solar collector performance [21—23]. Both solar and wind 
power generators have been fully exploited and are becoming 
more economical in Europe and Asia [24]. European Commis- 
sion has called out the importance of a sustainable energy al- 
ternatives that will lower the hazardous pollutants production, 
curb the depletion of fossil fuel reserves and lessen the detri- 
mental climate change aftermath [25]. A target to maintain the 
global temperature no greater than 2 °C warmer has been 
complied across nations in COP21 Paris Agreement [26]. 


Amongst the available energy alternatives, hydrogen is 
deemed to hold massive potential as the future green energy. 
Hydrogen as fuel is immensely attractive by virtue of its clean 
combustion product: water. Hydrogen energy systems are 
regarded as the prospective replacement of the present fossil 
fuel energy systems, which concurrently supporting the long- 
term energy and environmental sustainability [27—30]. 
Hydrogen is considered very promising as secondary energy 
source to accompany the electricity [31—33]. A broad range of 
application is available, including fuel cell, direct-combustion, 
and co-combustion with other fuels [34—38]. In addition, 
hydrogen can be produced from many different primary en- 
ergy sources, including fossil fuels [39—41], biomasses [42—44], 
and wastes [45—48]. In his presentation at the General Motors 
Technical Center, Bockris [49] sparked the term ‘hydrogen 
economy’ in 1970 and carried the prospective of hydrogen as 
the future energy carrier was introduced. Since then, the idea 
of hydrogen as alternative fuel source has grown indefinitely. 
Associations, initiatives, collaborations and partnerships 
have been established under the flag of hydrogen energy 
advancement. Focusing on transportation sector, H2USA was 
initiated by the US Department of Energy in 2013 to advocate 
the endorsement of fuel cell vehicles. The program involves 
various stakeholders from automotive companies, national 
research laboratories, fuel cell and hydrogen manufacturers 
and associations, and the federal agencies [50]. In Europe, the 
Fuel Cells and Hydrogen Joint Undertaking (FCH JU) was 
established in 2008, gathering European hydrogen and fuel 
cell industries, commissions and research centers under a 
public-private partnership with EUR1.33 billion. The first 
phase of FCH JU is outlined to complete by 2020. Meanwhile, 
the second phase has already been proposed to last until 2024, 
prioritizing on the cost reduction, performance advancement, 
and stimulating the commercialization in hydrogen power 
and fuel cell technologies [51]. FCH JU coined the term 
‘Hydrogen Valley’ in defining a collection of regional clusters, 
in varying scales, in which hydrogen technologies are inte- 
grated, as an advance strategy towards climate change and to 
leverage the region's modern economy opportunity [52]. FCH 
JU gathers the information of the existing Hydrogen Valleys 
across the globe, and to date 35 Hydrogen Valleys are in the 
current record, with a variety of statuses from governmental 
planning phase to the fully functioning Hydrogen Valley 
project. Nations across the globe now are also racing in 
deploying hydrogen initiatives. With Hympulsion and the 
consortium of McPhy, Atawey and TSM, as well as other active 
stakeholders, Zero Emission Valley (ZEV) project is initiated in 
the Auvergne-Rhone-Alpes region, France, an aspiring project 
aimed to become the first European region to implement a 
systemized hydrogen transportation hub by integrating 20 
hydrogen fueling stations, which 14 of the fueling stations are 
equipped with independent hydrogen production facility via 
renewable electrolysis. ZEV is projected to be fully functioning 
by 2023, with 1200 hydrogen-fueled vehicles and 20 stations 
established across the region [53,54]. French Minister of 
Economy, Bruno Le Maire [55] has stated that with hydrogen 
technology in decarbonization it provides a comprehensive 
economy solution that covers three main aspects, including 
tremendous new job opportunities in hydrogen sector, a pre- 
dominant ecosystem establishment for the future's industrial 
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economy, and as the answer to the modern decarbonization 
persistent issues. In Germany, the Federal Ministry for Eco- 
nomic Affairs and Energy [56] has laid out The National 
Hydrogen Strategy that is set for two initial milestone targets 
by 2023 and 2030. The first milestone target is by commencing 
‘market ramp-up’ that is an initial phase in potential identi- 
fication of hydrogen in local industrial market, strategical 
planning and R&D reinforcement in hydrogen technology. 
Meanwhile, the second milestone target focuses on the 
expansion and stabilization of the established hydrogen 
market, hydrogen energy system upscaling and nation-wide 
industrial implementation. The government also believes in 
the significance in the hydrogen economy pursuit, which will 
allow German industries to improve their core strengths with 
the inclusion of regional development from the aspects of 
market sustainability and economic security. Canada has set 
initiatives in hydrogen and fuel cell development by opening 
funding-scheme for industries for their contribution on elec- 
tric infrastructure projects, including hydrogen fueling sta- 
tion, with maximum grant up to CAD 5 million per approved 
project [57]. Canada government with Canadian Hydrogen and 
Fuel Cell Association have reported the accumulative revenue 
from the hydrogen and fuel cell development projects run 
nationwide by industries and research partnerships. In 2017 
the hydrogen and fuel cell sector yielded CAD 207 million 
revenue, of which CAD 150 million from product sales. From 
this sector more than 2100 jobs were created with employ- 
ment growth of 38% since 2015 [58]. 

It is clear that the need of energy transformation from 
fossil to green energy is critical to push down the environ- 
mental issues globally, and the transformation is only sensi- 
ble if all nations across worldwide would join the cause 
proactively. The EU and North America regions have indicated 
their proactiveness in instituting hydrogen energy system, as 
they are equipped with the right hydrogen energy policies, 
initiatives and other supporting programs. Following the 
development trend of the EU and North America, in hindsight 
Asia-Pacific region holds massive industrial and technological 
vast development in the past decades. Owing to the 
geographical location and the uniqueness of each country's 
strengths on domestic energy reserves, economic advance- 
ment, social aspect and research competence, Asia-Pacific 
region is benefiting the cross-country energy supply chain. 
This expansion is coupled with massive population growth in 
the region over the past decades, hence is translated to the 
ever-rising energy demand in the region. Despite of this, 
readiness and potential in hydrogen energy system estab- 
lishment of each country and through the region are rarely 
outlined. Thus, this study is intended to review the hydrogen 
energy potentials of selected Asia-Pacific countries and the 
inter-state potential among them (i.e., an inter-continent 
Hydrogen Valley), including Indonesia (INA), Malaysia (MAS), 
Brunei Darussalam (BND), Philippines (PHP), Thailand (THA), 
Vietnam (VIN), Singapore (SIN), Japan (JPN), South Korea 
(KOR), Australia (AUS) and New Zealand (NZL). The seven 
selected nations from Southeast Asia are based on the 


resource availability of primary energy sources, current lead- 
ing economy capacity in the region, as per GDP per capita, as 
well as the commitment to technological development, as 
indicated by the fraction of the R&D expenditure set by the 
respective government in the national expenditure plan 
[59,60], which in this study are used as the main references to 
indicate the readiness or potential to adopt the higher- 
complexity of hydrogen energy system. In the southern re- 
gion, Australia and New Zealand are included in this study as 
in the current state they are leading in the hydrogen roadmap 
and strategy since 2019, along with their continuous renew- 
able energy advancements [61—63]. They also represent the 
energy and technology-owner giants than the rest of the 
neighboring countries in the southern pacific territory. The 
inclusion of Japan and South Korea in this study is similar to 
that of Australia and New Zealand, with their advancing 
hydrogen energy roadmaps status quo. In comparison with 
other hydrogen-advanced nations, South Korea holds a 
prominent development potential primarily in the down- 
stream hydrogen technology application, namely fuel cell 
vehicle development. Meanwhile, Japan leads in the mobility 
and stationary hydrogen sectors, with declaration towards 
“hydrogen society” as early as in 2014 [64,65]. Exclusion of 
China in this study is mainly due its stand in hydrogen 
economy and development that is seemed to be insignificant. 
Chinese energy sector legal system has just acknowledged 
hydrogen as an energy source in 2020 [66,67]. There is also a 
concern that due to its superiority profile in dominating the 
existing global energy market and economy, China may 
overpower the network. Furthermore, the countries selection 
in this study is supported by their geographical proximity, 
which will allow inter-state hydrogen trade and transport 
possible across the region, along with their respective 
uniqueness of energy profiles. 


Hydrogen production potential index 
Domestic energy dependency index 


To begin, the energy profile of the selected countries across 
Asia-Pacific are analyzed. The idea is to observe the current 
state of energy sufficiency of a nation, which is later be 
regarded as a fundamental element for a deeper analysis for 
hydrogen energy potential. Definition of energy self- 
sufficiency in this study highly relies on the non-import, do- 
mestic energy production, in which, based on the current 
energy trend in Asia-Pacific, fossil fuel dominates the energy 
supply share (i.e., conventional energy source). To complete 
the energy self-sufficiency aspect, total energy import is also 
referred in the assessment, as a measure that indicates the 
level of dependency of in meeting national energy demand by 
sourcing from other countries. Also, the scale of energy de- 
mand intensity per country is incorporated in the energy self- 
sufficiency analysis, indicating the capacity per country in 
supplying annual energy demand, advancement in energy 
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infrastructure establishments, and the size of industries and 
population. For this indicator, total primary energy supply 
(TPES) is used. All data used for calculation in this analysis is 
from International Energy Agency (IEA) database [68]. 

Comparison of domestic self-sufficiency ratio (DSSR) for 
Asia-Pacific countries is depicted in Fig. 1. DSSR is calculated 
as the ratio of domestic energy production (based on 
extractable domestic natural energy resources) to the amount 
of energy sources by import. For DSSR >2, this suggest the 
strength of a nation's capability to provide its energy demand, 
through natural energy resources that are extractable 
domestically, thus the tendency to energy import is at mini- 
mum. In other words, strong energy self-sufficiency. Coun- 
tries with high DSSR have an intense tendency to export the 
energy surplus, which mostly in the raw fossil energy form, 
e.g., coal, crude oil, etc. As DSSR equals or approaching to 1, it 
would require at least 50% of total energy demand of a country 
to be met by virtue of import of energy. This suggests a fair 
dependency of energy import. In the lowest rank, countries 
with DSSR « 1 are heavily reliant to energy import to satisfy the 
national energy demand. Scarcity of natural energy resources 
is the biggest culprit. DSSR values are calculated based on the 
historical data from the past three decades. The size of bubble 
in Fig. 1 indicates the scale of TPES of that country. 

Brunei Darussalam tops the rank in DSSR at 33.48 in 2017. 
This is expected for Brunei Darussalam since the small 
country size and population leaves tremendous balance of 
‘unused’ energy products, as depicted by the smallest bubble 
size in Fig. 1. To accommodate its energy demand, Brunei 
Darussalam highly relies on oil and gas industry, and the 
excess production is exported. With a similar country size 
and population, Singapore rests at the bottom of the rank. 
DSSR of Singapore is 0.003 in 2017 with no significant 
improvement since 1997 (DSSR 0.002). Despite that, the en- 
ergy supply (which hand-in-hand with the demand) in 
Singapore has been considerably growing, from TPES of 
20,821 ktoe in 2007 to 36,656 ktoe in 2017. Singapore satisfies 


0.01 


0.001 


@BND 


INA 
= JPN 


the national energy requirement by importing raw energy 
sources (i.e., oil, natural gas, coal) but generating the energy 
supply via national power plants. 

As developed countries in East Asia, Japan and South 
Korea lead the level of total energy capacity based on the total 
primary energy supply (TPES) amongst the rest of observed 
countries in this study in the recent years, with 432,031 and 
282,200 ktoe, respectively, in 2017. As comparison, a country 
as large as Australia ranks the fifth amongst the listed 
countries in this study. This figure becomes more relevant 
when population is taken into account here, as Japan and 
South Korea are significantly more densely populated than 
Australia. However, the overall energy sustainability ac- 
cording to its domestic supply power is questionable. On a 
fundamental base, to meet the national energy demand, 
Japan largely relies its energy supply through import, due to 
scarcity of its domestic natural energy resources. To 
compensate the environmental impact, Japan greatly devel- 
oped and exploited nuclear power plant [69,70]. However af- 
terwards the Fukushima disaster in 2011 Japan rapidly 
dropped nuclear power generation activities, which subse- 
quently lead to a greater reliance on energy import [71,72]. In 
terms of domestic energy sufficiency, as described by DSSR, 
South Korea shows a greater energy independency to fulfil 
domestically than Japan, indicated by 2017 DSSR of 0.155 and 
0.033 for South Korea and Japan, respectively. Looking further 
from here, energy profiles of these two countries are quite 
unique. From the absolute units of domestic energy produc- 
tion, it is indeed that Japan leads over South Korea by far, 
since Japan is a fundamentally larger nation in terms of 
population and economic development. As the consequence, 
Japan would require a greater energy supply than that in 
South Korea. In addition to that, both Japan and South Korea 
are scarce in domestic energy resources, thus energy import 
is strong in both countries to fulfil the national energy de- 
mand. Because of this, DSSR of both countries are still in the 
lower rank, compared with the other studied countries here. 


2007 2017 
@ SIN © MAS OPHP 
OKOR THA 


Fig. 1 — Domestic self-sufficiency ratio (DSSR) with respective total primary energy supply, TPES, for selected Asia-Pacific 


countries. Bubble size indicates TPES scale. 
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However, with the rapid advancement in technology and 
industry, as well as the highly dense population, Japan and 
South Korea rank the highest for their total energy demand 
(as per TPES), as indicated with the size of the circle in Fig. 1, 
in comparison to other studied countries. 

Southeast Asia countries, Thailand and Philippines, share 
the same level in the energy self-sufficiency trend in the 
recent decades. These countries have DSSR values close to 
unity. While this looks balanced, DSSR of unity, as previously 
discussed, still indicates a certain level of dependency in en- 
ergy sources from external sources. This can also be inter- 
preted that domestic energy production can only cater 
approximately half of the total energy demand, thus import- 
ing raw energy sources is necessary to fill the gap. To supply 
more energy, while other means of energy increase steadily, 
there is a spike of coal consumption in Philippines from 2007 
to 2017 by 2.5-fold. In 2017, Philippines produced 6298 ktoe of 
coal, but required more than 10,000 ktoe of energy to meet the 
demand by importing coal into the country. Thailand, on the 
other hand, is rich in oil and natural gas. This, in consequence, 
resorting to the greater proportion of oil and natural gas in the 
national energy share in Thailand, which are 41.2 and 26.4%, 
respectively, in 2017 on TPES basis. Regardless of the large 
natural energy reserves, Thailand's DSSR of 0.911 suggests a 
dependency in supplying national demand through energy 
import, which makes Thailand less self-reliant. 

The neighboring countries, Indonesia and Australia, share 
a similar level in domestic energy independency, as their 
DSSR values of 7.766 and 8.039, respectively, in 2017. However, 
further down next to Australia, New Zealand manages to 
sustain its energy demand through decent energy domestic 
production, as suggested from average DSSR value of 2 within 
the past couple decades. For Australia, over the past few de- 
cades, the consistent DSSR values of around 8 indicate the 
Australia's abundance of domestic energy resources since 
1997. Despite the similar abundancy in domestic energy re- 
sources, the slow decrease of DSSR values in Indonesia is 
indicative to the rise of energy sources import since 1997. Over 
the years the Indonesia's total energy import shows an 
exponential growth over the years, regardless of its steady 
climb of total domestic energy production. Besides the natural 
availability of domestic energy resources, it is definite that 
population density starkly influences the total energy demand 
(as in TPES) in a country. The superlative country size of 
Australia and Indonesia easily determines a far greater energy 
demand than that of New Zealand, and along with the 
massive natural resources advantage, the large different in 
scale is further depicted in the values of DSSR between these 
neighboring countries. 

Based on the review of DSSR profiles of the selected 
countries above, it is evident that natural energy reserves 
and the population density are the main drive for a country 
to determine its energy dependency behavior, whether as net 
importing country or net exporting country. However, when 
hydrogen energy is introduced and proposed into the energy 
mix and is expected to optimistically overrun the fossil- 
based energy generation, a deeper depth to ascertain the 
‘readiness’ of the country is vital. Consider Australia and 


Indonesia. It is undisputable that both are rich in natural 
energy resources, rewarding them status as total energy 
exporter. Crude oil and its products are the predominant 
energy products imported to both countries, yet it is incom- 
parable to the massive production of coal. The amount of oil 
import is only roughly 15% from the total coal production in 
Australia and 21% in Indonesia, leaving both countries still 
under category of country with abundance natural energy 
resources [68]. Solely according to this perspective, both 
countries would be the perfect candidates to start shifting 
the national energy mix with hydrogen energy, only that this 
might raise doubts especially since both countries are at 
different economy power and degree of acceptance in mod- 
ern renewable energy. In a recent report released by Clean 
Energy Council [73], renewable energy share in Australia 
reaches as high as 55,093 GWh or 24% of the national elec- 
tricity generation, owing to the strong ambitions from each 
state. In the contrary, Indonesia has only incorporated 
electricity generation from renewable sources by 8.8 GW or 
14% of the total national electric generation. As one might 
argue that the share is not as pessimistic, deeper under- 
standing reveals that this 14% share of Indonesia's renewable 
energy in electricity generation is predominantly by the 
‘conventional renewable’ of hydropower and geothermal, in 
which the technology has been utilized and developed for 
decades. Wind and solar photovoltaics, however, are the 
product of recent advancement in renewable energy sector, 
in which Australia leads. In 2017 Australia's wind and solar 
generated electricity of 12,597 and 8071 GWh, respectively, 
while only 6 and 29 GWh were generated in Indonesia. From 
this instance, it is noteworthy to understand that to correlate 
the readiness to adopt hydrogen energy in a country, several 
more in-depth indicators must be evaluated, not only based 
on the energy self-sufficiency. 


Evaluating hydrogen energy potential: approach from 
techno-socio-economy nexus 


An in-depth, comprehensive evaluation is critical to assess 
the potential of a country to adopt hydrogen energy in the 
mix, whereas the energy self-sufficiency from domestic en- 
ergy resources does not adequately suffice as thoroughly 
discussed in the previous section. To address this, this study 
utilizes multiple factors from socio-economy perspective as 
the approach to preliminarily review the potential and read- 
iness of a nation with the adoption of hydrogen energy in the 
energy share mix. In this study, definition of a country that is 
high in ‘potential’ in hydrogen energy is the country whose 
overall economy profile is distinguished. This is critical 
remembering that to acquire a fully functional hydrogen 
energy system would need a strong economy foundation, due 
to the rudimentary status of hydrogen energy development. 
Furthermore, a country that is ‘ready’ to implement hydrogen 
energy system nation-wide is regarded when it is also sup- 
ported by an eminent technological status, alongside with the 
prominent economy capacity. By incorporating technological 
aspect with economy power, it provides a greater perspective 
to review the capacity of a nation with hydrogen energy 
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system. This study proposes four indicators to preliminarily 
analyze potential and readiness of a country toward 
hydrogen energy system. Upon configuring the composition, 
it is realized that there must be a strong incorporation be- 
tween national energy competency, economy security, level 
of advancement in technology, and the societal influence of 
one's nation. It is rather advised that interpretation of these 
indicators should be under cross-correlation with each other, 
not as per individual, independent advantage. In determining 
these indicators, each country is assessed through its his- 
torical profile. Here, profiles of years 1997, 2007 and 2017 are 
selected, following the recent published data by IEA [68] that 
is universally available for the observed countries. The pro- 
files are then normalized according to the size of the ‘pool’, or 
the collection of the observed countries, which method will 
be further comprehensively described later in this section. 
The summary of proposed indicators used in this study is 
depicted on Fig. 2. 


Domestic energy capacity indicator 

National energy competency, in this study, is defined by the 
capacity of the current energy provision to meet its energy 
demand. This aspect is reflected upon the importance of one 
nation's energy self-sufficiency by virtue of domestic energy 
production, as also has been used in DSSR index (see Fig. 1). In 
assessing the potential of a country toward hydrogen energy 
system, the abundance of domestic energy resources can 
determine whether transforming energy system to hydrogen 
would result to a positive, or to the contrast impact. A country 
that is rich in natural energy resources (including the capacity 
to produce renewable energy), may not have the primary need 
of energy diversification by means of hydrogen energy. An 
example of this is Indonesia. This Southeast Asian country 
possesses tremendous natural energy resources and massive 
renewable energy potentials, however at the present 


Toward hydrogen 


energy system 


Fig. 2 — Techno-socio-economy indicators to review a 
country's potential in hydrogen energy adoption. 


Indonesia does not seem rigorously to involve in the national- 
scale of hydrogen energy. Note that this simple deduction is, 
certainly, premature, which therefore amplifies the need to 
have a cross-relationship from one indicator to another. From 
here, domestic energy capacity per capita (DECP) is formed as 
an indicator holding the aspect of existing natural energy re- 
sources in each observed country. DECP is calculated using the 
following equation: 


_ SL ,DEC(c, y, i) — minDEP(y) : 
maxDEP(y) — minDEP(y) (1) 


DECP(c, y) 


where DEC is the amount of domestic energy type i (including 
existing renewable energy, excluding import) and is presented 
in an energy unit per capita. The notion of having energy unit 
per capita would inscribe the generality characteristic in the 
assessment, therefore it is not assessed on a basis to the ab- 
solute total value of domestic energy reserves in a country but 
to the country's capacity in fulfilling energy demand per capita 
with the available energy reserves (without import). Notation 
of c is the index for country name, and y indicates the 
observed year. minDEP and maxDEP are the minimum and the 
maximum value of the sum of NEC in the country pool, 
respectively, at year y, and are expressed as the following: 


minDEP(y) = min 


x s NEC(c, y, i); 5 NEC(c +1, y,i);...; 5 NEC(k y, i (2) 


isi ist 
maxDEP(y) = max 


n n n 
x So NEC(c,y,i); }> NEC(c+1,y, i); aSynecie yi (3) 
i=1 i=1 i=l 

Notation of n refers to the total number of energy type, 
while k refers to the total number of countries in the pool, that 
is 11 in this study, representing a total of 11 countries from 
Asia-Pacific to assess. 


National economy indicator 

From the interesting economic growth-energy forces, the 
nexus between a nation's economic growth with its energy 
consumption growth been studied by many, with various 
conclusion on which direction is the force is pulling. The 
conclusions are typically clustered into four categories 
[74—77]. (i) Conservation hypothesis states that the national 
economic growth unidirectionally drives the growth of energy 
demand. The opposite unidirectional correlation is defined by 
(ii) growth hypothesis, in which the energy demand is the strong 
determinant in stimulating the growth in economy. When the 
correlation is bidirectional, the nexus belongs to (iii) feedback 
hypothesis. This hypothesis construes the gross domestic 
product (GDP)-energy consumption causality relationship as 
reciprocal and complimentary, instead of the one-way cau- 
sality. Lastly, (iv) neutrality hypothesis is concluded when there 
is no apparent interrelation between GDP-energy growth. 
From compiling and reviewing numerous literatures in 
economy-energy nexus in various countries, Omri [78] found 
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that economy-energy nexus is tested in many countries and 
the interrelation is apparent, with countries with neutrality 
hypothesis appeared the least. Further, no neutrality hy- 
pothesis was concluded when electricity is specified as the 
energy type in the test. In the account of renewable energy, 
Bhattacharya et al. [79] found that shifting of energy means to 
renewable energy positively encourages economic growth in 
more than 20 countries in the long run. The GDP-energy 
consumption growth nexus may be varied and specific to 
each assessed country, nevertheless the literatures seem 
collectively agree that there exists intercorrelation between 
GDP growth and energy demand, only at various severity de- 
gree and qualitative direction. 

As suggested from the literatures above, and as a new 
nation-wide energy system comes into consideration, ac- 
counting for economic growth in the assessment is profoundly 
substantial, as it suggests the competence of a country to 
support by means of monetary. This study uses GDP, the 
common term used to reflect the country's financial income, as 
the component describing national wealth. In order to achieve 
generality, GDP is expressed in purchasing power parity (PPP) 
per capita. While per capita provides the collective generality, 
PPP is useful in this study as this study essentially compares the 
selected countries and normalized within the pool. This study 
uses GDP PPP per capita referenced to 2011 international dollar, 
using data from World Bank [59]. This paper introduces GDP 
PPP per capita index (GDPI) as one of the indicators to assess the 
readiness to adopt the new hydrogen energy system from 
perspective of national economy capacity, which is expressed 
using the following equation: 


GPC(c, y) — minGPC 


GORE) maxGPC — minGPC (4) 


where GPC is the GDP PPP per capita of each country c, at year 
y. minGPC and maxGPC are the minimum and the maximum 
value of GDP PPP per capita from all countries (k), in the 
country pool at year y, respectively, and are expressed as: 


minGPC(y) = min[GPC(c, y); GPC(c + 1, y); ...; GPC(k, y)] (5) 
maxGPC(y) = max[GPC(c, y); GPC(c + 1, y); ...; GPC(k, y)] (6) 


Society development indicator 

Society steers the mass acceptance of a new energy system. 
The level in accepting new energy system is also influenced by 
the level of social security, and this is tightly linked to the 
energy affordability. To the low-income society, the inevitably 
costly embryonic phase in any renewable energy develop- 
ment may appear uninteresting, and this leads to acceptance 
resistance, or even worse, rejection on the new proposed en- 
ergy system as it challenges their capability to bear their en- 
ergy bills. Social conflicts and mass opposition often occur as 
the result of this. In contrary, in a society in which their social 
primary needs have been comfortably fulfilled, they may 
recognize the establishment of new energy system as a new 
opportunity for the society, in terms of new and diverse job 
opportunities, lifestyle improvement, upgrade in their social 
level, and better care for the environment. This suggests that 
communities reflects the success of transition of energy sys- 
tem in a country [80]. 


As shifting of energy system from traditional fossil to 
renewable energy is fascinatingly enticing, extra caution must 
be considered when it comes to social impact. Social impact 
can be defined as the any disturbance due to any activity 
targeted to the society in which the aftermath changes, 
positively or negatively, the regularity or security in fulfilling 
their needs, including living, job security, and entertainment. 
The severity of the impact and the aftermath can be also 
influenced by the local norms, traditions, beliefs and values 
[81]. In light of new renewable energy system proposal, the 
severity of social impact must be maneuvered well, since for 
the long run cumulative social acceptance either positively 
advances or negatively delays the new energy system adop- 
tion. From the perspective of social, factors to weigh in for 
every development of energy system should cover people's 
perceptions, safety and health security, employment oppor- 
tunity, and development of infrastructure [82]. 

Human development index (HDI) aggregates the indicators 
from social perspective and has been used globally to signify 
the cumulative social development of a country. HDI is 
calculated by taking the cube root of the sum product of three 
major social dimensions: education dimension (ED), living 
standard earning (LSE) and life expectancy level (LEX), and is 
expressed as the following [83]: 


HDI = VED+LSE-LEX (7) 


Owing to the thorough social characteristic it holds, HDI is 
fit to describe the social component in assessing the readiness 
to establish hydrogen energy system in a country. Because of 
that, it is worth noting that the application of using HDI in this 
paper serves a purpose as to signify the tendency of public 
positive perception in supporting the establishment of 
hydrogen energy system in the country. As this paper specif- 
ically incorporating selected countries in the pool to be 
assessed, a specific indicator to rank the tendency of social 
acceptance to the new energy system is regarded as HDI pool 
index (HPI), and is expressed using the following equation: 


HDP(c, y) — minHDP 


HENS Y = ag — ane (8) 


HPI is calculated per country c and year y from respective 
country's HDI in the pool (HDP). HPI is then normalized by 
considering the minimum and maximum HDI in the pool 
(minHDP and maxHDP, respectively), which can be calculated 
with: 


minHDP(y) = min[HDP(c, y); HDP(c +1, y); ...; HDP(k, y)| (9) 


maxHDP(y) = max{HDP(c, y); HDP(c + 1, y); ...; HDP(k, y)] (10) 


Country with high HPI implies a higher prospect for the 
society to embrace the outlook of hydrogen energy system 
establishment, hence accelerating the program. In contrary, 
low HPI may lead to a strong public resistance in accepting the 
energy system transition, hence hindering the energy transi- 
tion to commence and to sustain the program adequately. 


Research and development capacity indicator 
Regardless of the energy source, settlement of energy system 
establishment is unique to every country. Prior finalizing the 
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new energy system agreement and proceeding to the new 
energy system construction, research and development (R&D) 
is the most significant phase in the far upstream. As R&D is 
responsible on critically studying the feasibility of the new 
energy establishment project, it has become a consensus 
custom that the quality of R&D is reflected on the capability of 
the country to fund the project. Energy R&D funding may be 
sourced from the conjoin funding from government, private 
industries and venture capital investors who are interested in 
new energy project, and the fund is injected into the effort in 
advancement of technology, infrastructure, and to assist to 
compete in the local and international energy market [84]. The 
persistent challenge in relying on funding to sustain the new 
energy R&D program is the inconsistency of funding amount. 
For example, in the U.S. there was a huge rise of about USD 5.3 
billion in 1897—1982, and within few years after that the R&D 
funding was cut off all way down to only reaching USD 3 
billion [85]. There is also evidence that during implementing 
new renewable energy scheme into the national energy mix, 
the end-price for electricity may also affected [86,87]. In a 
different perspective, the renewable energy to electricity pri- 
ces phenomenon is apparent to demonstrate that R&D fund- 
ing is one essential activation. In fact, in funding a new energy 
system, for example the case with new renewable energy es- 
tablishments, there is a good correlation between the effec- 
tiveness in achieving greater outputs along with the increase 
of R&D funding [88]. 

Realizing the significance in the success of hydrogen en- 
ergy system of a country, R&D funding is included as the in- 
dicator to assess the readiness of a country in implementing 
hydrogen energy system. This paper uses R&D expenditure 
data from World Bank [60] to reflect the degree of R&D 
activeness in a country. The data is slightly processed by 
incorporating nominal GDP respective to each country since 
the expenditure data is provided based on GDP. Moreover, the 
R&D expenditure is expressed per capita as association of 
generality. Research and development expenditure index 
(RDEI) of a country c in year c is calculated using the following 
equation: 


RDC(c, y) — minRDC 


RDEI(c, y) = : 
(¢y) maxRDC — minRDC 


(11) 


where RDC is the R&D expenditure per capita of a country. 
Parallel with other indicators used in this study, RDEI is 
normalized by taking the minimum and maximum value of 
RDC in the country pool, or minRDC and maxRDC, respectively, 
which are calculated as the following: 


minRDC(y) = min{RDC(c, y); RDC(c +1, y);...; RDC(k, y)| (12) 


maxRDC(y) = max[RDC(c, y); RDC(c +1, y); ...; RDC(k, y)| (13) 


The indicators presented in this paper are in the scale of 
0-1, suggesting the intensity of each indicator of a country 
amongst of 11 assessed Asia-Pacific countries (which is also 
referred as the ‘pool’ in this study). It worth to note that value 
of 0 does not imply an absolute null (absolute incompetency) 
of an indicator in that country, rather it signifies the lowest 
rank when compared with the rest of observed countries in 
the pool. The similar principle applies to the indicator value of 


1, which does not indicate an absolute superiority. Another 
point worth to discuss is that, the four indicators discussed in 
this paper are assessed and taken as a whole for the context to 
assess the readiness in adopting hydrogen energy system. As 
each indicator has already been serving its respective purpose 
(i.e., GDP to indicate economic growth, HDI to indicate social 
development, etc.), in the implementation of assessment of 
readiness in adopting new energy system, however, individ- 
ual assessment of each indicator to upon a country may not 
lead to a congruent deduction. 

Table 1 lists the assessment summary indicating the 
readiness to adopt hydrogen energy system in selected Asia- 
Pacific countries, and later in this paper the evaluation of 
hydrogen energy readiness of each country will be also 
comprehensively discussed. Radar chart is used to represent 
the performance of the four dimensions. However due to the 
limited availability of the yearly data for R&D expenditure, 
RDEI values presented in this paper are not necessarily 
referenced to the years of 1997, 2007 and 2017, which indi- 
cating period gap of two decades, and the year of referenced 
data is clarified in the chart caption and. 

Table 1. Although current global hydrogen production is 
dominated by non-renewable routes, discussion on advance- 
ment of renewable energy system, current energy profile and 
existing supporting energy policies of each country are 
included in this study as additional indicative statements of 
country's readiness and standpoint on new, high-tech, mod- 
ern energy system. 


Hydrogen energy potential profiles in selected 
Asia-pacific countries 


Indonesia 


In an official report released by Indonesian National Energy 
Council [89], the largest nation in the Southeast Asia reported 
energy consumption of about 114 Mtoe in 2018, which was 
distributed into several sectors: 40% to transportation sector, 
36% to industries, 16% to domestic households, and the rest to 
commercial and other miscellaneous sectors. Indonesia is rich 
in natural energy resources, which is predominated by oil, 
natural gas and coal. In the last decade Indonesia's oil in- 
dustries have shown a gradual decline in its production, from 
346 million barrels to 283 million barrels in a span of 2009—2018, 
which was largely caused by the exhaustion of the oil wells as 
they are close to the end productive life. To sustain and boost 
the national oil production, the government has released few 
supporting regulations, namely Ministerial Regulation No. 8 of 
2017 by the Ministry of Energy and Mineral Resources on pro- 
duction sharing contract (PSC) with scheme of gross split (GS), 
Government Regulation No. 27 of 2017 on cost recovery and 
taxation, and Government Regulation No. 53 of 2017 on tax 
exemption of PSC GS in the first year of exploration-to- 
production activities [89,90]. Meanwhile, in 2018 consumption 
of liquified petroleum gas (LPG) of Indonesia reached 7.5 million 
tons, of which 74% was by import. But compared to those two 
resources, Indonesia produces coal in massive scale. In 2018, 
total of 557 million tons coal was produced, of which 63% of the 
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total production was exported predominantly and primarily to 
India as well as China. With Australia, this sets Indonesia as 
one of the top world coal producers. As a giant in fossil energy 
resources, it is only logical that Indonesia is reliant heavily on 
fossil energy system, and thus will deem the new hydrogen 
energy system as a resistance. 

The readiness assessment shows further that Indonesia is 
seemingly unsuited for the new hydrogen technology. As 
shown in Fig. 3, Indonesia is low on the assessed indicators. 
The most prominent cause is the massive population of 
Indonesia, which these indicators are accounted with. In a 
definite perspective, Indonesia is wealthy in domestic energy 
resources, levelling to Australia's energy capacity (shown in 
Fig. 1). However, once these absolute capacities are general- 
ized to meet the energy demand per capita, Indonesia 
struggles to reach a comfortable energy self-sufficiency due 
to the enormous population number of 264.6 million in 2017 
[91]. From the perspective of social acceptance, Indonesia's 
HPI ranked the second lowest in the country pool after Viet- 
nam and shared position with the Philippines. This suggest 
that, in comparison with other countries in the pool, Indo- 
nesia's general society will have close to none of interest in 
the initiative of hydrogen energy system. A country with large 
population in scale and paired with low HPI would be likely to 
show no collective enthusiasm, as low HPI reflects mediocre 
fulfilment in people's basics of education, health and job se- 
curity. The tremendous Indonesia's population also gives the 
nation's wealth profile in a different viewpoint. From a 
nominal standpoint, Indonesia is considered as the top GDP 
grosser, amounted to USD 2:5 trillion in 2017. The contrast is 
apparent as it puts Indonesia as of one the lowest GDP rank 


INA 
DECP 


RDEI HPI 


GDPI 
e°@°21997 =—@=—2007 —e—2017 


Fig. 3 — Radar map on hydrogen energy system readiness 
of Indonesia. Year of RDEI: red dotted line for year 2000, 
blue dashed line for year 2007, yellow solid line for year 
2017. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of 
this article.) 
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once it is normalized to its total population size. Indonesia 
also appears to have a low research and development (R&D) 
progression, as suggested by RDEI. As this indicator also ac- 
counts Indonesia's massive population size, it shows that 
Indonesia has a slow growth rate in R&D sector. With this, 
Indonesia may face a monumental challenge from this 
perspective if to adopt the new hydrogen energy system in 
the country. 

Despite the non-responsiveness in the green energy 
endeavor, Indonesia has started to envision a greater effort in 
establishing alternative energy through its energy policy. 
Through Government Regulation no.79 of 2014, Indonesia set 
an energy mix target by transitioning renewable share to 23% 
and 31% by 2025 and 2050, respectively [92]. Ministry of Energy 
and Mineral Resources showed an encouragement on the 
initiative via Ministerial Regulation no. 49 of 2018 regarding 
the use of solar photovoltaic (PV) panels [93]. On the subject of 
hydrogen energy, Indonesia has not shown any indication in 
hydrogen energy policy drafting. Hydrogen energy projects 
and collaborations, however, are start to appear in recent 
years by state-owned and private companies. Agency for the 
Assessment and Application of Technology (BPPT) signed a 
memorandum of understanding (MoU) with Toshiba EES 
under project autonomous off-grid hydrogen energy system 
[94]. In 2019, Indonesian Railway Company (PT KAI) submitted 
an MoU to ALSTOM in a project of hydrogen-powered train. 


Malaysia 


In the wake of the betterment of energy system, Malaysia 
government amended its energy diversification policy by 
adding renewable energy as its fifth energy source in the 8th 
Malaysia Plan, after coal, oil, natural gas and hydro [95]. The 
policy started in 2000, targeting renewable energy to be 
incorporated 5% of its national energy supply by 2005. 
Malaysia prompted with small renewable energy power (SREP) 
program, which planned to attract energy investors through 
small renewable energy power generator projects [96]. 
Malaysia envisions to lower greenhouse gases by 2030, as a 
countermeasure of the spiked CO, emissions of 61% from 2005 
to 2016, with transportation sector accounted of 29%. 
Embedded in Green Technology Master Plan Malaysia 
2017—2030, Malaysia aims to enlarge renewable energy share 
in the energy mix by 25% in 2025 and 30% in 2030 [97]. 
Regarding to hydrogen energy initiatives, Malaysia's Min- 
istry of Science, Technology and Innovation dedicated USD 2 
million for hydrogen production and storage development 
through 2002—2007. Fuel cell research also became one of the 
research themes in 1996—2007 through USD 9.7 million of 
funding from the ministry. In 2005 the Ministry of Energy, 
Water and Communications reported Malaysia's initiatives on 
hydrogen energy by means of local projects and prototypes 
(e.g., fuel cell powered scooter, tricycle, car), eco-house pow- 
ered by solar-hydrogen energy, and establishments of 
hydrogen-themed institutes (e.g., Fuel Cell Institute of UKM, 
the Institute of Hydrogen Economy of UMT), which were pri- 
marily pioneered by Universiti Kebangsaan Malaysia (UKM), 
Universiti Teknologi Malaysia (UTM) and Universiti Malaysia 
Terengganu (UMT) [98,99]. A number of studies on hydrogen 
production in Malaysia have been reported (e.g., from Refs. 


[100—112]), indicative of involvement in hydrogen energy 
engagement. In the early 2020, Malaysia became the first 
country in Southeast Asia to launch hydrogen-fueled public 
bus in Sarawak [113]. Despite the growing hydrogen energy 
enterprise, Malaysian government has not yet to integrate 
hydrogen into the national energy development roadmap [97]. 

From the readiness assessment result shown in Fig. 4, 
Malaysia has a benefit from social acceptance potential, 
indicated by the moderate HPI value over last decades. In a 
social evaluation study with topic of renewable energy system 
by Kardooni et al. [114], Malaysian respondents displayed a 
positive feedback on the idea of renewable energy in general, 
of about 77% of the respondents believed that renewable en- 
ergy would have good environmental impacts. The study also 
emphasized the hypotheses of the significance of public 
knowledge, public trust and imposed cost/tariff in the new 
energy acceptance. Similar conclusions are also reported by 
Ref. [115]. Using establishment of new renewable energy sys- 
tem as reference, paired with the moderate HPI value, 
Malaysia society seems ready to embrace hydrogen energy 
system in the country. Malaysia is still at on its embryonic 
phase in hydrogen energy, in which it would optimistically 
allow the government to begin social campaigns in national 
energy transformation with hydrogen energy. The next 
promising indicator is GDPI, which is based on the national 
economy state. Despite the slow-growing GDPI over decades, 
the positive trend suggests a favorable flow toward hydrogen 
energy enactment. Malaysia also exhibits an encouraging 
initiative on R&D sector, indicated by the significant spike in 
the RDEI values from 0.0207 to 0.1028 between 1998 and 2016. 
With the seriousness in advancing the nation's R&D sector, 
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Fig. 4 — Radar map on hydrogen energy system readiness 
of Malaysia. Year of RDEI: red dotted line for year 1998, blue 
dashed line for year 2008, yellow solid line for year 2016. 
(For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this 
article.) 
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this may result an analogous endeavor toward hydrogen en- 
ergy system development. The relatively low values of DECP 
are the consequence of a moderate domestic energy produc- 
tion capacity and the population size of the state. 


Brunei Darussalam 


The economy of Brunei Darussalam is heavily driven by the 
nation's energy sector. Brunei Darussalam is rich in natural 
energy resources, with its first discovery dated back in 1929 of 
a Brunei's commercial oil production [116]. Due to the 
massive fossil fuel resources, and owing to the small size of 
the country, Brunei Darussalam is a country with surplus of 
energy capacity, such that the country always substantially 
exporting its primary energy products. This becomes the 
main national economic income, with about 60% of the na- 
tion's GDP is sourced from energy sector. 90%o of Brunei 
Darussalam exports is dominated by the energy products, 
including liquefied natural gas, methanol, and crude oil, with 
targeted exporting countries of India, Japan, China, South 
Korea, and the neighboring Southeast Asia countries [117]. To 
reiterate, Brunei Darussalam holds a significant energy self- 
sufficiency in comparison with the countries in the pool, as 
described by DSSR in Fig. 1. 

Reported in Brunei Darussalam Energy White Paper [116], 
the three country's strategic goals in the energy sector to 
achieve in 2035 (Wawasan Brunei 2035) are primarily 
addressed toward the improvement on upstream and down- 
stream of oil and gas sector (goal 1); the betterment in energy 
efficiency, security and reliability (goal 2); and to boost 
employability in energy sector by virtue of local energy in- 
dustries involvements (goal 3). Initiatives of renewable energy 
outlook, however, is not reflected as strong as other fossil- 
based energy efficiency schemes in the Brunei Darussalam's 
energy sector future plans. In the 2035 outlook, Brunei sets the 
renewable energy mix at 10% level, with solar PV as the main 
course. Taking this into account, the implication is reflected 
through the business-as-usual (BAU) projection of CO2 emis- 
sion an annual growth 3.6%, which is translated as from 6.7 
million-tons CO, generation in 2015 to 16 million-tons in 2040 
[117]. Despite not vividly integrating renewable energy 
component in its future energy vision, Brunei Darussalam sets 
countermeasures in reducing national energy intensity and 
carbon emission. This is strategized by means of minimiza- 
tion of waste and pollution, high-efficiency water use, and 
promotion of energy efficiency and conservation (EEC). The 
latter is further specified into categories of energy supply, 
energy demand and transport sector. From energy supply, 
Brunei focuses on efficiency improvement of the existing 
power plants through combined-cycle system. Brunei pursues 
a betterment in energy demand via energy labelling, man- 
agement and energy tariff rectification. In transport sector, 
Brunei's main strategies are emphasizing on fuel economy 
advancement, use of higher efficiency transportation, and 
public transportation expansion [116,117]. 

In relation to hydrogen energy potential, Brunei Dar- 
ussalam does not show any indication to include hydrogen in 
Brunei's future energy mix. Regardless of the absence of na- 
tional hydrogen outlook, Brunei is the world's first country to 
transport liquid hydrogen (in form of methylcyclohexane, 


MCH) overseas to Japan in December 2019. This ground- 
breaking project is a product of bilateral corporation with 
Japan's Advanced Hydrogen Energy Chain Association for 
Technology Development (AHEAD) and is funded by New 
Energy and Industrial Technology Development (NEDO). The 
project is surmised as an inaugural international hydrogen 
supply chain which involved Brunei as the hydrogen pro- 
duction, of which is synthesized by hydrogenation plant 
constructed under the same bilateral settlement [118—120]. 

From the assessment of Brunei Darussalam's potential 
towards the readiness in new hydrogen energy scheme 
through this study, Brunei possesses its own advantages 
from its current energy capacity. This is, too, reflected in the 
indicators resulted from this study, shown in Fig. 5. From 
perspective of domestic energy sufficiency, Brunei is superior 
in comparison with the rest of the countries in the pool. 
Brunei's DECP of unity reflects the completion in sustaining 
national energy demand through domestically. As DECP is a 
general indicator per country, the small population size of 
Brunei definitely boosts this capacity ahead. Human capital 
in Brunei also would support the readiness toward a new 
hydrogen energy system, as the HPI of Brunei indicates a 
favorable suggestion. Brunei's HPI values of above average in 
the pool for over last decades signals that the people of Brunei 
would be likely to have a positive perspective in the new 
green energy projection of hydrogen energy for the nation, 
which would lead to a less public resistance. Moreover, it has 
been in the vision of Brunei to promote green industries as 
the venture in job market expansion, providing more oppor- 
tunities and security for its people [116]. 
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Fig. 5 — Radar map on hydrogen energy system readiness 
of Brunei Darussalam. Year of RDEI: red dotted line for year 
2002, blue dashed line for year 2003, yellow solid line for 
year 2018. (For interpretation of the references to color in 
this figure legend, the reader is referred to the Web version 
of this article.) 
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From the view of economic readiness, however, Bruneiis in 
a fragile position, and this may become a hidden danger for its 
future economic stability if Brunei keeps weightily dependent 
on oil and gas industries. It is only logical to see that the de- 
pendency of Brunei towards oil and gas determines the its 
economic stability, and effects have already taken place that 
Brunei plunged into recession multiple times as the global oil 
price crash hit Brunei hard. The instability is reflected on the 
Brunei's challenging GDP growth over the years [59]. This 
study also captured the similar observation, as the GDPI value 
for Brunei plummets from 1997 to 2017, and it is analogous to 
the stability for Brunei for economic readiness in sustaining a 
prospect of new hydrogen energy system. Albeit Brunei's 2017 
GDPI value of 0.6201 is still above the average from the 
countries pool, the GDPI steep fall is an indicator of a brittle 
economic readiness. Another challenge comes from the low 
investment in R&D, that is about 0.1% from the national 
expenditure [121]. This is also revealed by the RDEI values of 
Brunei, that is notably small over the past decades. It may also 
worth to note that there is a very limited resources of available 
data on R&D expenditure for Brunei Darussalam, of which 
only for selected years as per record by the World Bank [60]. 

With the trend of decreasing cost in renewable energy 
technology, along with its economic affluence from the 
abundance of oil and gas reserves, Brunei should use this 
momentum to hasten the transition of renewable energy. 
There is an akin perspective from another oil-rich country of 
United Arab Emirates (UAE), in which strategizing the transi- 
tion of energy mix to include renewable energy through the 
economic support from the oil industry revenue [122]. 


Philippines 


An archipelagic state in Southeast Asia, the Philippines, 
shows its endeavor to boost the energy sector, which pre- 
dominantly as the result of its boosting economy growth. The 
Department of Energy (DOE) envisions it through Ambisyon 
2040, a longstanding national master plan of the Philippines 
energy system, which highlights on the importance of reli- 
ability in supplying energy, energy policies that focuses on 
consumers, and economical scheme in energy tariffs [123]. 
Broadly, the Philippines satisfies its national energy demand 
by means of oil and coal, which are largely imported. In 2017 
the energy source by coal and oil reached 16.8 and 19.6 Mtoe or 
accounted for about 28.9 and 33.8% from the country's TPES 
[68]. In spite of this, energy supply by means of domestic re- 
sources is large by non-fossil energy. In 2016 the Philippines's 
geothermal supported its energy demand as much as 17.9% of 
TPES, and this amount ranked the highest as amongst the 
native energy resources. Energy generation by biomass fol- 
lowed the second at 14.1%, whereas domestic coal energy 
came the third at 11.1%. Further, albeit the small in nominal 
(only about 0.4% of TPES), energy production via wind and 
solar rose 133.6% in 2016, thanks to the growing renewable 
energy projects in the nation [124]. 

The government of Philippines focuses to reduce the GHG 
emission through expansion in renewable energy shares. 
Under Clean Energy Scenario (CES), Philippines is projected to 
generate GHG emission at a slower annual rate of 4.9% than 
that of under BAU scenario. From the supply side, Philippines 


renewable energy is forecasted to account 27.1% and 30% of 
TPES in 2040 under BAU and CES, respectively, with 
geothermal and biomass as the most significant contributors. 
In alignment with its economic growth, in achieving its energy 
target Philippines aims to reduce the energy intensity by 
promoting low-energy intensity industrial practices, and this 
is targeted via reduction of energy intensity as high as 56% in 
2040. Nationwide initiatives in transportation sector, of which 
the country's second largest energy consumer, are prerequi- 
site to CES projection. This, in principle, is via government 
initiatives in introducing alternative-fueled vehicles, 
including in the advancement in electric vehicle and NGV, as 
well as mandating a greater blending of biofuel [124]. 

As hydrogen energy system is concerned, assessment from 
this study shows that Philippines has a weak fitness in 
venturing out to the new energy scheme. This is shown on 
Fig. 6 as the four indices are at low over a span of two past 
decades. In comparison with the neighboring countries in the 
pool, Philippines seems limited to include hydrogen energy 
system in the national energy master plan, as from the view of 
domestic energy sufficiency (DECP), prospects in public sup- 
ports (HPI), economic strength (GDPI) and progress in national 
R&D sector, Philippines is placed at the lower group. In terms 
of energy self-sufficiency, as reviewed above, Philippines re- 
sorts to imported energy sources to meet the national de- 
mand, and this is also depicted with DSSR value of <1 in Fig. 1. 
Economic-wise, Philippines nominal GDP PPP exceeded that of 
Singapore in 2017, that is Intl$ 797.3 billion, yet due to the vast 
population size it weakens the economic power per capita PPP 
to Intl$ 7753.4 (constant 2017 international $), which is only 
about 8% of that of Singapore [59]. Unfortunately, compared 
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Fig. 6 — Radar map on hydrogen energy system readiness 
of Philippines. Year of RDEI: red dotted line for year 2002, 
blue dashed line for year 2007, yellow solid line for year 
2013. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of 
this article.) 
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with the other countries in the pool, Philippines ranks the 
lowest from its performance in strengthening R&D support. 
From the most recent available data according to the World 
Bank [60], the Philippines anchored its R&D funding only 
0.138% from its total GDP in 2013, which is translated as USD 
326 million from USD 236.32 billion (constant 2010 USD). Albeit 
the omission of hydrogen energy in its blueprint, National 
Electrification Administration (NEA) of the Philippines signed 
an MoU with Toshiba Energy Systems and Solutions Corpo- 
ration with agenda of H2One™ promotion, an off-grid energy 
system that is powered by hydrogen energy via renewable 
energy resources in 2018. Likewise the agreement with 
Indonesia, this autonomous hydrogen energy system is ex- 
pected to satisfy the energy demand coverage, as due to the 
archipelagic nature energy distribution remains as the most 
challenging requirement [125]. 


Singapore 


As a small state in Southeast Asia, Singapore relies its elec- 
tricity generation by means of natural gas. Singapore, in the 
early of 2000s, began to shift its primary source of national 
energy generation to natural gas from oil. This led the 2017's 
energy share that was dominated by natural gas at 95.2% from 
the total mix [123]. It is expected that natural gas to be the 
anticipated national energy source for years, if fossil-to- 
renewable energy shift is not progressing. As a resolution to 
mitigate the worsening effects of climate change, Singapore 
established an inter-ministerial committee on climate change 
(IMCCC) in 2007. This Singapore's pursuance in governing the 
energy management and climate change mitigation was fully 
endorsed by ministers of finance, foreign affairs, transport, 
national development, environment and water resources, and 
trade and industry [123]. IMCCC advocates holistic inter- 
ministerial coordination across Singapore's governmental 
bodies through comprehensive strategic planning and policies 
on climate change alleviation, sustainable energy system and 
economic competitiveness [123,126]. 

Singapore has been actively promoting the importance of 
climate change mitigation. Through a comprehensive recent 
report, National Climate Change Secretariat (NCCS) docu- 
mented the national program in developing its sustainable 
energy strategies [127]. The journey in mitigating climate 
change was started in 1970 through formation of Anti- 
Pollution Unit, under the Singapore Prime Minister's Office. 
Singapore has involved in global climate pledges, including in 
Copenhagen Accord in 2010 and Paris Agreement in 2015. 
Recently, Singapore has also reported its low-emission 
development strategy (LEDS) to United Nations Framework 
Convention on Climate Change (UNFCCC). Working toward 
national non-fossil fuel energy, solar energy is considered as 
the most viable source of power generation in Singapore. With 
the SolarNova program, Singapore aims to establish solar 
energy system of 2 GWp by 2030 or about 10% of its peak 
electricity consumption. Turning into solar energy is Singa- 
pore's “second switch” in responding to the national energy 
challenge. However, the size of the state becomes the 
apparent constraint to this alternative [127,128]. 

The positive reinforcement of Singapore in climate change 
is translated to its readiness potential in adopting hydrogen 


energy system. As shown by Fig. 7, from the four main in- 
dicators assessed, Singapore is leading ahead from the rest of 
the assessed countries in the pool, on the factors of social 
acceptance and economic competence, as indicated by HPI and 
GDPI indices, respectively. These two factors, in comparison 
with the other assessed countries, are approaching maximum 
in the recent year, indicating the potential of superior capacity 
of hydrogen energy system acceptance within the Asia-Pacific 
cluster. Singapore also has a great favor from its national 
R&D sector, as demonstrated by the rapid incline trend of RDEI 
value over the past decades. The three paramount indices 
suggest that in the case of the future implementation of 
hydrogen energy system Singapore is embedded with the 
aggregated benefits from R&D readiness, national economy 
productivity as well as new energy acceptance aspect by public. 
One may link the R&D productivity rate as the by-product of 
economic growth, which can be very logical since R&D expen- 
diture is often used as a productivity indicator. In contrary, this 
correlation is argued by Sylwester [129], such that there is no 
significant correlation between the two indicators, and incon- 
sistent causality relationship between R&D expenditure with 
the national growth in economy has been discussed by Pessoa 
[130]. However, studies have shown that the correlation is 
apparent to countries with high economic productivity and 
income [131,132], and is important to those countries that 
taking technology as one of national focus [129]. In this 
perspective, Singapore fits into the category: as one of the 
countries with world's highest GDP per capita, the government 
has been intensively driving its R&D to the world-class level 
through research funding in various sectors, including SGD144 
million in sustainable food production, SGD 55 million in En- 
ergy Grid 2.0 program, SGD 40 million in waste-to-electricity 
power generation program, and more [127]. As hydrogen en- 
ergy system is prospected, Singapore is therefore at its 
advanced potential. Singapore is currently starting in the 
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Fig. 7 — Radar map on hydrogen energy system readiness 
of Singapore. 
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venture of hydrogen-based power generation and investigating 
the empirical potential of low-carbon hydrogen in its national 
energy mix [127]. Under partnership with Japan, Singapore has 
recently started the exploration on potentials of hydrogen use 
in Singapore and methods of hydrogen transportation [133]. 


Vietnam 


Vietnam's political and economic reformation started in 1986 
has brought the nation into a major economic development, 
elevating its economic status from one of world's lowest- 
income countries with poverty rate of 70% to a middle- 
income nation. The country's rate of poverty dropped 
vastly to less than 6% and consequently bringing 45 million 
of its population out of poverty, thanks to the vast industrial 
development. Vietnam's remarkable economic growth is 
regarded as an achievement due to its 7% growth in 2019 
GDP, and this makes Vietnam in the region as one of the 
countries with the most agile economic growth rates [134]. 
As the result of this rapid development, Vietnam's energy 
demand is exponentially rising. The further consequence of 
this is Vietnam's dependency on fossil fuel to meet national 
energy demand. Within 2007-2017, 4.7% annual growth rate 
on TPES was recorded, which translates as energy supply 
increase from 1900 to 3000 PJ. Energy supply by coal followed 
the inclining trend with 11.3% annual growth rate, making 
coal as the biggest energy source in the nation in 2017 after 
being the third biggest in 2007. Moreover, to meet the 
increasing local energy demand, Vietnam switched its status 
from net energy exporter by coal to net energy importer in 
2015, of which also due to the Prime Minister Decision No. 
403/2016/QD-TTg on coal export limit policy [135]. It is pre- 
dicted that fossil fuel will be still dominating Vietnam's en- 
ergy mix by 2035, even with scenario in which renewable 
energy is incorporated highly [136]. Moreover, coal power 
generation is projected to expand to 68.9% of the total energy 
share in 2040 under BAU scenario, which is more than 
doubled from 31.9% in 2015 [137]. 

Albeit the extensive fossil fuel dependency, Vietnam 
stands to support the Paris Agreement in mitigating global 
climate change. Vietnam takes part by low carbon and low 
energy regulations, including Law No. 28/2004/QH11 and No. 
24/2012/QH13 on electricity saving, planning and investment; 
Prime Minister Decision 1393/2012/QD-TTg on GHG reduction 
strategy planning; Prime Minister Decision No. 2068/2015/QD- 
TTgon renewable energy development; Law No. 55/2014/QH13 
on environmental protection through strategic planning on 
clean energy; Prime Minister Decision No. 280/2019/QD-TTg 
on energy conservation and efficiency strategic planning for 
2019-2030. On renewable energy use, biomass and hydro- 
power are predominant in the Vietnamese renewable energy 
share; in 2017 they contributed 51% and 49% of the renewable 
energy share, respectively. The country is currently growing 
interest in diversifying its renewable energy source to solar 
energy, with growing number of PV projects and investments 
amounting to provide 32 GW in 2019 and additional of 10.3 GW 
by 2025 [135]. Under its intended nationally determined con- 
tributions (INDC), Vietnam aims to reduce its GHG emissions 
by 63 million tons CO2-equivalent, or 8% lower than that by 
BAU scenario by 2030 [137]. 


The vision of incorporating hydrogen in the energy mix 
seems to be farfetched for Vietnam. From the result shown in 
Fig. 8 it suggests that Vietnam has no preceding capacity from 
the assessed perspectives of domestic energy independency, 
public acceptance and social support, economic power, and 
technological development through research movement, 
which are indicated through the insignificant values of DECP, 
HPI, GDPI and RDEI, respectively. In a report by Economic 
Research Institute for ASEAN and East Asia (ERIA) [97], it is 
stated that Vietnamese government has not shown any indi- 
cation to venture out to hydrogen energy system develop- 
ment. Albeit of this, the report also forecasted the potential of 
hydrogen energy demand in 2040 in Vietnam, that is to be the 
third largest in ASEAN after Indonesia and Malaysia, following 
the trend of energy generation intensity of the country. 

The outcome of this assessment is only plausible since 
Vietnam's rapid industrial development ensues a greater 
energy demand, which the government meets the need 
through conventional fossil energy supply rather than 
diversifying a larger energy production to alternative energy 
resources. This is, in fact, described in the long-term energy 
scenarios in Vietnam Energy Outlook Report 2019 [135] and 
Vietnam Country Report in Energy Outlook and Energy Saving 
Potential in East Asia 2019 [137]. From economy aspect, Tang 
et al. [138] reported that economic growth-energy consump- 
tion nexus is only unidirectional, in which the national eco- 
nomic gain is determined by a consistent and successful 
energy supply. Disturbance in energy supply, in fact, will 
worsen Vietnam's economy, and this must be one critical 
aspect for the government to consider in designing policies in 
energy conservation, energy efficiency, climate change and 
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Fig. 8 — Radar map on hydrogen energy system readiness 
of Vietnam. Year of RDEI: red dotted line for year 2002, blue 
dashed line for year 2013, yellow solid line for year 2017. 
(For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this 
article.) 
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environmental impact mitigation, and renewable energy 
diversification. While it may reduce the emission production, 
imposing a greater tax on fossil-derived products is also 
deemed to be harmful for the Vietnam's economical sus- 
tainability. It is studied that tax accrual on petroleum prod- 
ucts used energy source in various sectors may lead to higher 
inflation rates due to its possible declining rate on GDP, im- 
ports and exports activities [139]. 


Thailand 


In meeting its domestic energy demand, it has become a 
common practice for Thailand to import its energy resources. 
This is mainly due to the very limiting fossil fuel reserves in 
the country, including coal, natural gas and oil, that are 
insufficient for the national energy demand. In fact, it is pro- 
jected that, based on the current production rate, the do- 
mestic gas and oil reserves are diminishing within a decade 
[140]. 83.6% of Thai oil was achieved by import in 2015, and 
29.9% of its natural gas was imported from its neighbor 
Myanmar and other gas-importer countries [141]. The ten- 
dency of energy supply via import is also concluded via DSSR 
shown in Fig. 1 as discussed earlier in this study, of which its 
DSSR value close to unity reflects energy import to fulfil about 
half of its overall energy demand. 

Thailand has reinforced its support towards advancement 
in energy efficiency, sustainability and development through 
Thailand Integrated Energy Blueprint (TIEB) 2015—2036, as the 
consolidated national energy policy that focuses on the five 
energy strategic plans: gas plan, oil plan, energy efficiency 
plan (EEP), power development plan (PDP) and alternative 
energy development plant (AEDP) [140]. Under EEP, Thai gov- 
ernment set priority to improve energy efficiency in power 
sector via energy intensity reduction of 15% and 30% reduc- 
tion in the national energy intensity. As for renewable energy, 
AEDP specifies the target of renewable energy to supply in the 
total final energy consumption (TFEC) to be as high as 30% by 
2036, which will be contributed largely from power, heating 
and transport sectors. Thailand has shown a serious 
commitment pertaining renewable energy promotion and 
development. Thailand Board of Investment (Bol) has been 
supporting various national renewable energy projects by 
virtue of tax alleviation for project that has element of [140]: 


(1) Biofuel production from crops and agricultural by- 
products. Biofuel project will be exempted from corpo- 
rate income tax (tax holidays) for 8 years and on the 
import duty tax for imported materials, tools, equip- 
ment and machineries involved in the project. 

(2) Production of pellets and briquettes from biomass. This 
project will be exempted for income tax for 5 years, as 
well as the import duty tax of imported materials and 
machineries. 

(3) Solar cells and wind, including the manufacturing and 
power generation. This project is eligible for 8-year in- 
come tax alleviation and exemption on import duty for 
imported materials and machineries involved. 

(4) Waste-to-electricity. This project is admissible for a 
capless corporate income tax alleviation for 8 years with 
no upper limit for the exemption. Also, import duty for 


machineries and tax-free incentives are also available 
for this project. 


In the interest of hydrogen energy, and based on the 
observed literatures on Thailand energy policies, Thailand has 
not yet to exhibit its pursuit to diversify its energy mix with 
hydrogen. This is supported by the readiness assessment of 
hydrogen energy system by this study. As depicted in Fig. 9, 
according to its historical profile, Thailand does not seem to be 
suited for hydrogen energy system. Thailand has extremely 
low DECP values for the past two decades, which suggests for 
its vulnerability in supplying sustainable local-sourced energy 
resources. This low DECP value also indicates the great ten- 
dency of energy importer in comparison with other countries 
in the pool. From here, one may project that, in comparison to 
its neighboring Asia-Pacific countries, Thailand may rather be 
a hydrogen energy importer than a producer. Although there 
is a slight increase of support in R&D sector, Thailand still 
shows a relatively insignificant advancement in R&D, which is 
disadvantageous for the national hydrogen energy system 
establishment. From the perspective of economic power, it 
may be challenging for Thailand to afford a new alternative 
energy system: hydrogen. This is indicated by the consistent 
GDPI values of 0.1. Thailand, however, has a leveraging po- 
tential from its people. As determined by HPI values of 
approaching 0.3, Thailand may have a dampening effect to the 
social impact in the pursue of hydrogen energy system. 

Albeit the absence of hydrogen energy drive in its current 
national energy policy, there are sparks of interest in 
hydrogen energy system from several agencies. Utilizing PV 
panel, Phi Suea House Project delivers the state-of-the-art and 
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Fig. 9 — Radar map on hydrogen energy system readiness 
of Thailand. Year of RDEI: red dotted line for year 1997, blue 
dashed line for year 2007, yellow solid line for year 2016. 
(For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this 
article.) 
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world's first green energy system for residential by incorpo- 
rating excess electricity generated to the battery-hydrogen 
hybrid storage system [142,143]. In 2016 Electricity Genera- 
tion Authority of Thailand (EGAT) collaborated with Hydro- 
genics Corporation in a green power generation project of 
wind-hydrogen system in Nakhon Ratchasima province, of 
which worth of about EUR 4.3 million. This project grants 
1 MW of electricity produced by PEM hydrogen electrolyzer, 
which is stored from the excess wind-to-electricity generation 
of a wind farm with 24-MW capacity [144,145]. In 2018 EGAT 
further confirmed that the wind-hydrogen energy project in 
Nakhon Ratchasima (Lam Takhong Wind Turbine) was 
entering its second phase of the project, by establishing 
1000 MW pumped storage units which will able to lower 2.6 
hundred-thousand tons of COz annually [146]. 


Japan 


To maintain the sustainability of its massive industrial and 
high-intensity development activities, Japan heavily relies on 
the import of fossil energy sources as Japan is short in its 
domestic energy sources. In 2015, Japan supplied 99% of its net 
primary energy via import. The national energy supply by coal 
and oil was almost entirely met by virtue of import, and en- 
ergy by gas was achieved resulted from importing 98% of the 
supply [147]. Reported by IEA Data and Statistics [68], domestic 
coal and oil productions in 2019 were merely at 0.36% and 
0.29%, respectively, of the total national supply. Regarding to 
this matter, the likelihood of Japan to drastically lower its 
dependency to fossil fuel to generate power is at minimum. In 
2017, oil, coal and natural gas became the largest contributors 
in power generation sector, which are 36, 25 and 23%, 
respectively, of the total primary supply. Ministry of Economy, 
Trade and Industry (METI) forecasted its primary energy 
shares in 2030, which is still led by oil (30%), coal (25%) and 
natural gas (18%) as the top contributors [148]. 

From the perception of renewable energy, Japan has set in- 
depth strategic plans to gradually expanding renewable en- 
ergy system in enacting the primary energy demand. Since its 
implementation 2012, the feed-in tariff (FIT) scheme influ- 
enced the vigorous growth of renewable energy installed ca- 
pacity with an optimistic average annual rate of 22%. The 
rapid development of Japanese renewable energy system is 
owing to the expansion of solar power generation, which 
placed Japan as the third world's solar power generator at 
55,069 GWh, after China and USA. The government of Japan 
underlies its energy sustainability towards 2030 following 
3E + S principle [148]: 


e To reserve the energy self-sufficiency through energy secu- 
rity, with 2030's self-sufficiency rate target of 25%; 

e To improve the energy economic efficiency via energy cost 
reduction, which is targeted to reduce by JPY 200 million by 
2030 from the 2013's total electricity cost; 

e To proactively contributing to the betterment of the envi- 
ronment by means of decarbonization and greenhouse gas 
emissions reduction, with reduction target of 26% by 2030, 
and; 

e All strategic activities must be governed under safety 
protocol. 


For a longer run, Japan has released the 5th Strategic En- 
ergy Plan, which stretches Japanese adherence in the sus- 
tainable energy policy to 2050. The ‘sophisticated 3E + S’ 
becomes the advancement product of energy policy founda- 
tion, which focuses on energy sources diversification, 
decarbonization and elevating industrial competitiveness 
[71]. Prior to the Fukushima disaster in 2011, Japan managed 
to achieved self-efficiency rate in energy supply by 20%, in 
which nuclear energy placed as one of the most significant 
generators. The Fukushima disaster, unfortunately, directly 
hit Japanese energy security and challenges its resumption to 
meet the national energy demand. This is reflected on the 
declining energy self-sufficiency to 8%, as per 2016, and the 
restoration of the Fukushima nuclear plant still remains 
[71,72]. Learning from the disaster, as well as due to the rising 
of energy market instability and energy geopolitical balance, 
Japan envisions for energy resilience. There are four main 
clusters to focus in the vision: (1) shift of main energy source 
to renewable energy; (2) instituting energy generation sys- 
tems that are sustainable; (3) involving disaster and geopoli- 
tics risks in determining strategic plans in energy imports, 
and; (4) energy resilience progress advancement via acts, 
laws, policies and regulations [72]. 

In the view of hydrogen energy, Japan has realized the 
significance in developing hydrogen-based society as the 
product of technological advancement since as early as in 
2014, which was mentioned in the fourth Strategic Energy 
Plan. Japanese government initiative on pursuing hydrogen 
energy is as the result of its venture of energy diversification 
and decarbonization, and as the first nation in the world to 
set a comprehensive national hydrogen strategy [149]. 
Further in 2017, through Ministerial Council on Renewable 
Energy, Hydrogen and Related Issues, Japan released Basic 
Hydrogen Strategy report, which communicates the gov- 
ernment strategy in actualizing hydrogen-based society [65]. 
Commercial hydrogen supply chain is one of the main 
spotlights in the report, in which Japan aims to systemize it 
internationally and domestically. International hydrogen 
supply chain weighs on the methods of transporting 
hydrogen: liquefied hydrogen, organic hydride, ammonia 
and methanation. The first project that has taken off is 
Brunei-Japan hydrogen supply chain via chemical hydride in 
December 2019, which involved hydrogenation and de- 
hydrogenation plant at both end respective countries 
[118—120]. With different transporting approach, Japan takes 
Australia as the partner in liquid hydrogen supply chain 
[150]. The domestic distribution is projected via pipelines. 
Japan foresees the hydrogen adoption in several sectors, 
including power generation and transportations (public, 
passenger, heavy-duty, ships), with future aspiration in in- 
ternational standardization [65]. In the Strategic Road map 
for Hydrogen and Fuel Cells, Japan agrees upon setting the 
future hydrogen price target at JPY 20/Nm? so that it will be 
viably implemented nation-wide. Further reduction of the 
price is essential to make it more level with the current en- 
ergy price [151]. 

Japanese gravity in hydrogen energy system is strongly 
reflected in the readiness assessment in this study. As 
depicted in Fig. 10, high values of RDEI suggests Japan exploits 
its strengths well to counter its weakness in energy self- 
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sufficiency, which is indicated by the DECP value approaching 
zero. Further, based on the DECP values, it is only a rational 
decision for Japan to be partnered with Brunei and Australia to 
manifest the international hydrogen supply chain, as they are 
the leading nations of highest domestic energy self-efficiency 
level (DECP) in the country pool of this study (see Table 1). 
Japan's amelioration in incorporating hydrogen in energy 
diversification, in comparison with other countries in Asia- 
Pacific region, is reflected on its technological progression, 
which is signified by the perfect RDEI over decades. Japan will 
also receive support economically, as it is a nation with one of 
the highest nominal GDP in the world. However due to dense 
population, GDPI values recorded in this study for Japan are at 
middle level. From social perspective, the high HPI values of 
Japan project a greater public acceptance on involving 
hydrogen in energy generation. This aspect will alleviate 
governments progression in actualizing hydrogen-based so- 
ciety. High HPI values will elevate the living standard in Jap- 
anese community in procuring, utilizing and incorporating 
hydrogen energy in daily, and this brings a smoother market 
transition for fuel-cell vehicles and hydrogen stations, as well 
as public awareness on hydrogen in power generation plants. 


South Korea 


Similar to its neighbor, Japan, South Korea (or the Republic of 
Korea) has little to none domestic energy resources and hence 
profoundly counting on fossil products import. Since the 
economic boom and urban population expansion (more than 
90% of total population) within the past 50 years, South Korea 
has been massively importing fossil-based energy products, 
which ranks South Korea as the world's 2nd and 5th largest 
importer in LNG and oil, respectively [152]. South Korea is also 
a renowned nuclear energy user, which makes up the 11% of 
the national energy use and 22% of national power generation. 
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Fig. 10 — Radar map on hydrogen energy system readiness 
of Japan. 


Despite the prominent use of nuclear power, South Korea does 
not produce uranium domestically and hence relies on the 
nuclear fuel import [153]. Electricity production through nu- 
clear plant in South Korea costs the cheapest, with coal power 
plan comes in second [154]. This might be an unlikely concept 
to other countries with less major nuclear power plant, as 
nuclear power plant is known for its high-priced facility to 
establish and maintain. In constructing nuclear plant, South 
Korea implemented cluster of reactors construction per site 
following standardized operations, thus consequently lowers 
the capital cost. 

As the aftermath of the long and intensive use of fossil fuel 
products, South Korea is hit by the repercussion, which its 
environment and air quality are affected the most. CO» 
emission per capita peaked high of 11.3 tons in South Korea 
[155]. Degradation of air quality, moreover, becomes promi- 
nent in South Korea. In 2017 public warnings were released on 
the danger of PM2.5 air pollution, which 51.2% originated from 
the urban cities. It is also predicted 1.4 years reduction of life 
expectancy and increase number of premature deaths in the 
future of South Korea as the aftereffect of this air quality 
deterioration [156—159]. 

Realizing the severity in the exhausting use of fossil fuel to 
the country, and since the recent elected president, the gov- 
ernment of South Korea steers the direction of energy sector 
towards low-carbon, renewable alternatives. In 2017 South 
Korea announced its ambition in “Renewable Energy 3020 
Plan” to enhance national renewable energy account to 20% by 
2030, from merely 1.2% in the energy mix in 2010 [160,161]. In 
the plan, South Korea intensifies on: (1) the cessation of new 
nuclear energy facility constructions along, and safety rein- 
forcement of the existing nuclear plants; (2) discontinuation of 
new coal power plant establishment, decommissioning of 
exhausted coal plants, and increasing gas power generation 
capacity, and; (3) increasing renewable share in the energy 
mix to 20% by 2030. In 2017 solar energy accounted the largest 
(38%) in the renewable share, and it becomes the renewable 
form that is focused in the plan to vastly expanding. It is 
aimed for solar energy to account as high as 57%, or 36.5 GW 
capacity, by 2030. Wind energy is the next spotlight in the 
South Korean target to immensely grow to 28% of renewable 
share by 2030, from only 8% of the renewable share in 2017. 
This is interpreted as a jump 1.2 GW wind energy capacity to 
17.7 GW from 2017 to 2030 plan, respectively [160]. 

In the interest of hydrogen energy, assessment from this 
study shows a notable result on South Korean readiness in 
transforming its energy mix with hydrogen, as shown in 
Fig. 11. The miniscule value of DECP is parallel to the evidently 
minimum energy sufficiency via domestic resources, 
following the nature of South Korea's net energy importer. The 
pursuit in hydrogen energy will be sustained following the 
economic power of the country, as suggested by the preferable 
GDPI values over the years. In terms of economic power, 
amongst other countries in the pool South Korean GDP is 
ranked the third largest at USD 1.85 trillion in 2017. There is a 
significant leap in R&D performance from 2007 to 2017 as 
signified by RDEI values of 0.3986 and 0.7765, respectively. 
This suggests a greater attention that the South Korea gov- 
ernment and private shareholders have put into the scientific 
and technological R&D sectors, which will determine the 
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Fig. 11 — Radar map on hydrogen energy system readiness 
of Korea. 


actualization of hydrogen energy system in a nation-wide 
scale. Globally, South Korea is recorded to contribute a sub- 
stantial R&D progress in hydrogen energy technology after 
Japan, USA, and China [162]. South Korea will also face no 
substantial issue in public acceptance in penetrating 
hydrogen energy nation-wide, as indicated by the notable 
level of HPI. Besides the acceptance of new energy, it can be 
estimated that the public will also show a considerable degree 
of willingness to adjust on the final energy cost. As compari- 
son, half of current South Korea population exhibits a will- 
ingness to pay 56.5% higher electricity bill due to transition of 
a greater renewable share in the national energy mix [163]. 
Although the general public shows high acceptance level, 
population with high education level shows a greater prefer- 
ence in renewable energy source [164]. 

The high likability of South Korea in pursuing hydrogen 
energy, as assessed in this study, is emulated from the exist- 
ing South Korean hydrogen strategy. The government has 
announced hydrogen economy roadmap in 2019, and it cen- 
ters on transportation sector, power generation, industry, 
heating for buildings and feedstock, with transportation 
sector holds the biggest South Korean government attention. 
By end of 2018, 889 units of hydrogen powered passenger cars 
were on the road with 14 hydrogen fueling stations were 
available, 307.6 MW of power was generated and 7.05 MW was 
supplied into residential and buildings by virtue of fuel cell 
[64]. In the roadmap, the government elaborates a compre- 
hensive plan on hydrogen energy aims, core orientation in 
hydrogen system and strategic plans in promoting national 
hydrogen economy. On the road, the government targets a 
major influx of hydrogen vehicles to 6.2 million units by 2040, 
with 1200 fueling stations be established. 15 GW of power to be 
generated by fuel cells with a more affordable hydrogen price 
of KRW 3000 by 2040. It is also forecasted that future success of 
hydrogen economy will provide 420,000 of job openings and 


reduction of GHG by 27.28 million tons [64]. In the private 
sector, Hyundai Motor Groups reveals “FCEV Vision 2030” for 
the expansion of fuel cell electric vehicle production and 
development. With USD 6.7 billion investment, Hyundai en- 
visions to lead the fuel cell production with annual capacity of 
700,000 fuel cell systems. This prompts to Hyundai success as 
the first world's hydrogen vehicle seller [165]. To sustain 
future hydrogen demand of 5.26 million tons by 2040, the 
Korean government anticipates this forecast through 
hydrogen supplying scenario: 70% of hydrogen will be sup- 
plied by means of local water electrolysis, by-product from 
petrochemical processes, and through international supply- 
chain; and the remaining 30% will be ministered via domes- 
tic hydrogen extraction, which will be integrated with natural 
gas supply chain [64]. It is envisioned that by South Korean 
hydrogen economy roadmap 2040 5% of the country's energy 
demand in 2040 can be concluded [165]. 


Australia 


As the largest country in the Oceania, Australia is the home of 
massive reserves of energy resources. Australia is ranked as 
the 4th world's largest coal producer, of which since its first 
discovery in 1791 9100 million tons and 2300 million tons of 
black coal (bituminous coal, anthracite) and brown coal 
(lignite), respectively, have been excavated. The enormous 
coal reserves let Australia as one of the world's largest coal 
exporter [166]. On different energy resource Australia bears 
more than 33% of world's uranium reserves, amounted to 1.27 
million tons of uranium carrying 16,984 Mtoe of energy, and 
bears significant reserve of thorium, an alternative to ura- 
nium. Australia is an energy resources exporter and producer 
giant, and in 2015 was placed the 4th biggest energy exporter 
and 8th biggest energy producer in the world [167]. This fossil 
energy resources sector of Australia sustain the country's 
wealth; which business administered the country with na- 
tional income of AUD 40 billion in 2016 from exporting coal 
alone [166]. For domestic power generation, fossil products 
were the biggest contributor to Australia's electricity genera- 
tion, which accounted as high as 82.9% or 216,497 GWh for 
period 2017—2018, with black coal and gas settled as the 
largest share of 46.6% and 20.6%, respectively [168]. 

The consequence of being fossil energy giant and an avid 
user of energy is the equally massive emission generation. In 
2016, a growth of 2.5% of domestic emission was recorded 
since 2013, amounted to 533 million tons of CO -equivalent. 
Energy-related sectors are responsible as the emitters, which 
contributed up to 70% of the national emissions [169]. In the 
response to this, Australian government commissioned a GHG 
reduction target of 26—28% by 2030 through the Paris Agree- 
ment. Furthermore, under collaboration with Commonwealth 
Scientific and Industrial Research Organization (CSIRO), the 
government set off a “Low Emissions Technology Roadmap 
(LETR)’, which equipped with two missions: (1) to recognize 
and elaborate potential technological options in lowering 
emission generation by 2030 and further decarbonization; (2) 
to distinguish and reveal the emerging economic, new job 
market opportunities and industrial benefits resulted from the 
low emission technologies [170]. To move from fossil- 
dependent to renewable generation, Australia is envisioned 
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to enter the transition in 2020—2040. The progress will be 
enhanced due to the exhausting coal power plants, which will 
be replaced by renewables [171]. In the Australian National 
Outlook 2019 [171], feasible technological methods to succeed 
this transition include utilization of digital controls in trans- 
mission and distribution networks, pumped-storage hydro- 
electricity, decentralization of energy storage, batteries with 
gas-powered generation as backup. It is also said that Aus- 
tralia's geographical location is beneficial regarding to the 
renewable resources, including solar, wind, geothermal tidal 
and waves. Especially for solar, Australia is world's largest 
solar irradiation recipient per meter square [172]. Further- 
more, the future electricity cost by renewables in Australia is 
estimated to be affordable in comparison with Japan, China 
and Middle East [171]. 

As a progressive clean energy player, Australia recognizes 
great potential on hydrogen energy. Through readiness 
assessment of this study, Australia reveals great features and 
potentials as hydrogen energy player, which results are 
depicted in Fig. 12. From the view of domestic energy self- 
sufficiency, the increasing values of DECP over decades sug- 
gest a positive expansion of domestic energy resources 
exploration. In comparison with other countries assessed in 
this study, Australia is ranked 2nd largest energy producer per 
capita after Brunei and also the 2nd as largest energy producer 
based on absolute energy units after Indonesia. On economic 
power, Australia shows robustness to support hydrogen en- 
ergy system, as suggested by favorable GDPI values. Over de- 
cades, nominal GDP of Australia has increased significantly, 
since 1997 the economic power by GDP is doubled. As depicted 
by the promising RDEI values, Australia demonstrates a great 
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Fig. 12 — Radar map on hydrogen energy system readiness 
of Australia. Year of RDEI: red dotted line for year 1998, 
blue dashed line for year 2008, yellow solid line for year 
2015. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of 
this article.) 


progression on R&D sector. Traced from the national R&D 
expenditure, Australia was ranked the 3rd largest nation 
amongst other countries assessed in this study to spend its 
R&D funding in 2015 at USD 25.23 billion, after Japan and 
Korea, respectively. This suggests a strong favor of the country 
in technologically supporting the commissioning of nation- 
wide hydrogen energy system. From social aspect, Australia 
leads the social readiness in adopting a national hydrogen 
energy system than other reviewed countries in this study, as 
indicated by the perfect HPI values. This signifies a greater 
relief of social resistance upon establishing and integrating 
hydrogen energy system with the existing energy mix. 

The foundation of the promising features of Australia's 
potential in pursuing hydrogen energy system, as assessed in 
this study, is emulated from the current Australian hydrogen 
energy plan. In a comprehensive report of Australia's Na- 
tional Hydrogen Strategy [61], Australian government con- 
veys priorities towards hydrogen industry development, 
including (1) to formulate supporting national regulations; (2) 
to be the leader in international hydrogen market player; (3) 
to accelerate the commercialization of the necessary tech- 
nology means. Since 2015, the government has injected in- 
vestment aids for over AUD 146 million. As also reflected on 
the notable level of RDEI and GDPI, Australian government 
supported hydrogen energy R&D for more than AUD 67.83 
million since 2015 and AUD 4.88 million for feasibility 
exploration activities. Currently Australia has already 
embarked on international integrated hydrogen supply chain 
pilot project with Japan, and the plenary commercial supply 
chain is estimated to be fully operating by 2030s. Government 
of each Australian states has also exhibited full support in the 
national hydrogen plans, which is listed in Table 2. The 
optimistic drives of Australian government are revealed in 
the report, as it is confident to possess the green hydrogen 
production potential from only utilizing 3% of the land in 
meeting more than global hydrogen demand. The govern- 
ment also estimates to complete the assessment for a na- 
tional hydrogen infrastructure by 2022, which will be the first 
brick to lay for an international integrated hydrogen supply 
chain. In terms of public perception of national hydrogen 
energy system, studies reported that Australians express a 
positive stance towards the development, with additional 
note that government should provide more educational in- 
formation and exposure on the continuous updates on the 
development, risks and advantages and costs, as well as 
maintaining public-government-industry engagement, to 
achieve a whole public trust and acceptance [61,173,174]. 


New Zealand 


Driven by the low carbon emission economy and the active 
involvement in mitigating the worsening climate change, 
New Zealand is determined in exploiting more of renewable 
energy resources to meet its electricity demand. New Zealand 
is currently acknowledged as an OECD nation that advances 
the renewables in its energy mix, placing New Zealand as the 
third country to incorporate the most renewables in elec- 
tricity generation after Iceland and Norway. From perspective 
of energy trilemma index, New Zealand holds the tenth po- 
sition, indicating a chief achievement in upholding 
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Table 2 — Hydrogen energy development priorities of Australian states [61]. 


State name 


New South Wales 


Victoria 


Queensland 


Western Australia 


South Australia 


Tasmania 


Northern Territory 


Australian Capital Territory 


Priorities in hydrogen energy development 


e R&D and business funding 

Government regulation updating 

e Infrastructure establishment 

e Victorian zero-emission vehicle roadmap 

e Decarbonization on state's gas networks 

e Victorian hydrogen investment program 

e R&D funding 

e International establishment on investment and partnerships 
e Queensland hydrogen strategy 

e R&D funding 

e Large scale framework for hydrogen industry development 
e International investment, technology and export market strategy 
e Western Australia renewable hydrogen strategy 

e International collaboration and investment partnerships 

e Regulation formulation on renewable hydrogen 

e South Australia's hydrogen action plan 

e Hydrogen export development 

e Renewable hydrogen production development 

e Domestic hydrogen opportunities and demand 

e Support for hydrogen industries 

e Hydrogen export plan 

e Green hydrogen production 

e Net zero emissions territory 

Center of R&D 

e Investment and funding on hydrogen energy projects 


sustainability of environment due to energy system, energy 
equity and ensuring energy security. The environment sus- 
tainability index is gradually improves following the growth 
of renewables in the energy share, and the equity index re- 
mains steady, which results to the consistent energy afford- 
ability and accessibility. New Zealand's energy security, 
however, was faced with fluctuation following the unstable 
global oil industry in the past decade. Power generation by 
hydro possesses direct influence to the stability of New Zea- 
land's renewables. Due to the low rainfall in 2019, New Zea- 
land's renewables share in electricity generation dropped 
slightly from 84% in 2018 to 82.4%, which was compensated 
with fossil power [175]. 

New Zealand's enthusiasm towards hydrogen energy and 
its ambition to be a notable hydrogen actor are revealed 
through report H2 Taranaki Roadmap released in 2019; a 
consortium project of Hiringa Energy, Venture Taranaki and 
New Plymouth District Council [62]. The motivation in insti- 
tuting hydrogen energy sector in Taranaki is due to the re- 
gion's strengths in energy venture, including abundant 
renewable resources (solar, water, wind), the already existing 
hydrogen production infrastructures, geographically benefi- 
cial, primary safety track record in energy industry, the 
established deep-water ports to support international 
hydrogen supply chain, and the patronage from local and 
regional government. In the early year of 2020 the government 
of New Zealand announced to aid NZD 20 million to the pio- 
neering national development of hydrogen fuel station 
network for passenger vehicles. The project will start with 
total of 20 hydrogen fuel stations, spread across both main 
islands (North and South) [175]. The Ministry of Business, 


Innovation and Employment also reinforces the national 
outlook in hydrogen, evidently from A Vision for Hydrogen in 
New Zealand: Green Paper [63]. The government is intending 
to enhance decarbonization through hydrogen in various 
sectors. Green hydrogen produced and stored during sum- 
mers is projected to be able to fit the electricity peak demand 
that is relatively greater in winters. From many, the strategies 
are by utilizing the existing energy transportation facilities for 
hydrogen logistics, retrofitting fossil-powered electrolyzers 
with renewable resources, integration of hydrogen into the 
available gas turbine power plants, etc. Transportation sector 
is the next focus, in which in the vision the government en- 
compasses all transportation means in the hydrogen fuel 
integration, with cars, buses and forklifts as the main priority 
in the transition. 

New Zealand's strong will in hydrogen energy network 
deployment is depicted in the readiness radar chart assessed 
in this study, shown in Fig. 13. It is observed that New Zea- 
land possesses notable strengths from the potential of soci- 
ety aspect (HPI) and the national economy support (GDPI). 
Besides the projection of a fewer public resistance in 
accepting the hydrogen energy adoption, the full support 
from the government will boost the energy transition, as this 
also bears great promising employment opportunities for the 
people in new hydrogen industry. Albeit the moderate degree 
of GDPI, this indicates that, in comparison with other 
assessed Asia-Pacific countries, New Zealand is benefiting 
from the economy readiness towards the national hydrogen 
energy network development. As international player, 
economy readiness becomes the foundation in international 
hydrogen supply chain, which is another vision of New 
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Fig. 13 — Radar map on hydrogen energy system readiness 
of New Zealand. Year of RDEI: red dotted line for year 1997, 
blue dashed line for year 2007, yellow solid line for year 
2015. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of 
this article.) 


Zealand in the long run [63]. The low degree of DECP gener- 
ally indicates a weakness in terms domestic energy re- 
sources, as it is derived from the overall non-import, 
domestic energy supply. This is mainly due to New Zealand 
tendency in importing oil to meet the national oil demand. In 
the latest energy balance, oil holds as the largest imported 
energy commodity of 390.6 PJ, and is largely transformed in 
the fuel production [175]. However, with the release of 
hydrogen energy vision the government places its stand to 
support the development of low-carbon energy in- 
frastructures and facilities. On the aspect of R&D, New Zea- 
land exhibits a moderate capacity, indicative of fair RDEI 
values over decades. Nevertheless, there is an increase of 
share of research expenditure referenced to the national 
GDP, which carries a promising development [60]. Further- 
more, the government has also announced its motive specific 
to the development of New Zealand's hydrogen energy 
network through imminent research funds and new green 
technology facilities [63]. 


The inter-state hydrogen network potential: 
Asia-pacific hydrogen valley 


The prospect of an inter-state hydrogen network in Asia- 
Pacific region, under the studied countries, is viable once the 
nations involved are driven and committed to the collective 
ambition. This may be envisaged through the extrapolation of 
the ongoing nation's standpoint on respective energy transi- 
tion, that is primarily towards green energy system. 


Unfortunately, in the case of Indonesia, the weak high-level 
governmental support in renewable energy is affecting the 
energy transition, despite owning tremendous potential in 
green energy, including solar, wind and bioenergy. As re- 
ported by Bridle et al. [176], the involvement of the higher 
authorities in coal industry ownership favors the sustain- 
ability via price supports, tax dispensation and loan contracts. 
Further, the renewable energy stakeholders are met with 
inconsistent, often-changing policies and regulations. The 
current biodiesel blend target of 30% by 2025 also deemed to 
be insignificant looking from the broader total primary energy 
supply, that was only less than 2% in 2018. The country also 
hesitant to enforce bioethanol blend instead, as it may affect 
the food security. Renewable energy price in Indonesia is still 
higher than that of coal, which is also influenced by the con- 
trasting subsidy of USD 133 million for renewables while USD 
644 million was subsidized for coal energy in 2015 [177]. On the 
same note, the prospect of green energy transition in Malaysia 
is challenged with the high renewable price due to heavy fuel 
subsidy. From 2005 to 2012 the fuel subsidy tripled from MYR 
8.154 billion to MYR 24.73 billion. Despite fuel subsidy abol- 
ishment in 2014 due to low global oil price, fuel subsidy was 
introduced back in 2018 at MYR 3 billion, which may induce 
the risk of fiscal deficit as Malaysia also abolished goods and 
services tax (GST) [178]. Considering renewable hydrogen po- 
tential, Malaysia is facing with technical challenge in upscal- 
ing the hydrogen production technologies, which 
subsequently will require a very high capital and operational 
expenditures. Moreover, although the main public acknowl- 
edges the great advantages renewables can offer, the 81% 
concerned Malaysians with the high renewables price may 
hinder green energy transition further [114]. Still on the po- 
tential hindrance from social aspect, Australia faced with the 
declining of public trust in governmental, media, business and 
NGO institutions in the recent years, despite the strong 
commitment in renewable energy transition. Notably towards 
the government, the Australians rated 26% of its government 
trustworthiness in 2016, a substantial decline from 42% in 
1993 [171]. Fail in gaining public trust will discourage the 
implementation of public programs and policies. Especially in 
the context of introducing hydrogen as new energy, low public 
trust is a potential hindrance and will steer the social accep- 
tance to support the success of the hydrogen energy policy. 
In contrary to the discussion above, the following coun- 
tries embrace the energy transition with suitable strategic 
policies and programs, emphasizing on their existing 
strengths while continuously progressing on key aspects. 
Driven by the inhibition to domestically sustaining energy 
demand and the carbon reduction vision, Japan realizes 
diversifying energy resources is the key. Since the imple- 
mentation of FIT policy in 2012, in the following years Japan 
harnessed a drastic improvement of the renewable share in 
the energy mix, from a steady average of 9% in 2000—2011 toa 
climbing 15% in the next five years. Further, the scheme 
reduced the renewables production cost by 16% and gener- 
ated electricity surcharged from users of JPY 1.4 trillion in 
2016, which is four-fold higher than that of in 2013 [179]. As 
Japan is one of the most prominent hydrogen enthusiasts, the 
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government dedicated 10% of the national energy R&D 
budget to hydrogen and fuel cell development in 2019, which 
amount is 52% greater than that in 2012. Owing to this, as per 
2019 3600 commercial passenger fuel cell electric vehicles 
(FCEVs) were on the road, 133 FCEV fueling stations were 
established and small-scale fuel cell units for domestic use 
were installed for more than 300,000 units [180]. Japan ad- 
dresses public acceptance challenge comprehensively in the 
3E + S energy policy, that emphasizes on the safety, energy 
security, environment sustainability and efficiency energy 
economy. The policy practices public's right to receive infor- 
mation on technical, risk and cost concerning the new low- 
carbon energy systems [71]. As the results, Japan was able 
to set out renewable initiative, including Fukushima Renew- 
able Energy Institute establishment, solar energy expansion 
and Japanese electric vehicles commercialization [180]. 
Similar to its neighbor, South Korea committed to the 
development of low-carbon technology through its energy 
policy and strategy. After replacing FIT with renewable 
portfolio standard (RPS) in 2012, the Korean government 
harnessed an attainment rate by the energy companies to 
96.6% in 2018 from 64.7% in 2012, which translates to 
22,886 MWh of renewable energy harvested. Despite South 
Korea is still ranked one of the lowest in incorporating 
renewable shares in their energy mix, a_ substantial 
improvement was recorded within the last decades. 1.9% 
renewables were incorporated in meeting the supply need, 
that is three-times than that in 2008, with a significant 
improvement after 2012. South Korea has been showing a 
strong interest in hydrogen and fuel cell by allocating its 
national annual energy R&D budget to hydrogen and fuel cell 
development, with latest recorded rate of 7% in 2018. With 
Hyundai, South Korea introduced the first commercial pas- 
senger FCEV in 2013, and per 2020 more than 3200 FCEVs were 
operating. Further, in power generation sector, in 2018 fuel 
cell managed to generate 307 MW of electricity [181]. 

It is emulated from the hydrogen leading nations that the 
viability of hydrogen energy is greatly reliant to the respec- 
tive national energy policies, and this becomes the funda- 
mental to further expand this strategy to an ‘Asia-Pacific 
Hydrogen Valley’, borrowing the term used by FCH JU [52] 
and adapted for the studied Asia-Pacific nations. To elabo- 
rate, several suggested main foci that would universally 
applicable to support the national hydrogen policy develop- 
ment are as the following: 


Continue, strengthen and amend the existing renewable 
energy policies 


Realizing the most countries are still heavily reliant to fossil 
energy, instituting policies to endorse renewable energy gov- 
erns the substantiality of the development. Inconsistent or 
erratic energy policies are the major hindrance, albeit 
tremendous potential and available opportunities. Hydrogen 
policies should be able to advocate hydrogen energy devel- 
opment growth, are based on clear visions, and with overall 
aim to promote the actualization and advancement of 
hydrogen economy. 


Initiate feasibility studies in hydrogen economy and invest 
in the hydrogen R&D sector and workforce competence 
development 


This is a critical phase to begin the establishment of hydrogen 
energy system. The studies identify the strengths and weak- 
nesses, which become the ammunitions to advance. R&D in 
hydrogen energy must be perpetual and sustainable, and this 
can only be made possible when the government acknowl- 
edges this pre-requisite, supports via public funds and allows 
opportunities for national or international private stake- 
holders to invest in or collaborate with the R&D establish- 
ments. As hydrogen technology is fairly modern, training 
programs to supply the manpower with the right skills must 
be fulfilled. This is applicable not only for those involved in the 
downstream operations, but also for the higher authorities 
and policy makers in formulating the proper, encouraging 
policies and regulations. 


Establish standards, targets, evaluation systems and 
roadmaps 


Standards are essential as the foundation in formulating tar- 
gets, and targets must be accustomed with the national core 
strengths. Roadmaps maintain the short- and long-term vi- 
sions with projections adjusted to the history and current 
stands in the progress, which also become the premises in 
composing the definitive evaluation systems. 


Leverage hydrogen energy awareness and development 
through public and industrial promotional programs and 
incentives 


Public, as the end user, must be embraced as public trust de- 
termines the severity of social friction that may heavily in- 
fluence the hydrogen energy program. Education of hydrogen 
energy should be delivered since the early age nation-wide to 
induce the new technology acceptance and to prevent sys- 
temic public distrust. To the industrial players, compelling 
programs should be offered to encourage their involvement in 
the hydrogen energy system, e.g., incentives, schemes, tax 
exemption, discounts, etc. 


Ease the access for national and international stakeholders 


In a broader scale of Asia-Pacific potential hydrogen network, 
it is vital to begin with an inter-state agreement, hydrogen 
policies and roadmaps. This also acts as the gate to promote a 
greater and faster development phase nationally and across 
the region, which could be by the means of capital in- 
vestments and technology shares. 

Discussions on current energy profile of individual coun- 
tries in this study stimulate the preliminary potential identi- 
fication on the viability of Asia-Pacific Hydrogen Valley. From 
there, groups within the studied Asia-Pacific region can be 
classified according to potential in commencing specific role 
based on their current assets. Nations with high RDEI 
accompanied with existing national hydrogen strategy and 
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which are in the current hydrogen energy players, i.e., Japan, 
South Korea, Australia, New Zealand, are suited to be the 
leaders in the Asia-Pacific Hydrogen Valley. They currently 
possess the hydrogen technology to institute a hydrogen en- 
ergy system to support hydrogen economy, which draw them 
to be the powerhouse of hydrogen R&D for Asia-Pacific 
Hydrogen Valley. Besides, since they have commenced their 
respective hydrogen strategy, they are skilled and experienced 
to authorize, guide and evaluate the continuous progress of 
the Asia-Pacific Hydrogen Valley. Their current hydrogen 
policies could be the blueprint for the rest of the countries, of 
which will be adapted with respective core strengths. Further, 
they could contribute to other neighboring nations in trans- 
ferring the right knowledge in constructing comprehensive 
energy policies. Despite of the high RDEI, Singapore may not 
be in the same level as the previous countries, which is sub- 
stantially due to the absence of the active national hydrogen 
energy strategy. Singapore, however, could utilize the RDEI 
capacity to support the hydrogen R&D progression, especially 
within the Southeast Asia region. As countries with high RDEI 
values are also merited with great social support potential, 
indicated by the high HPI values, they will receive less to none 
of public friction to instigate and deploy the Asia-Pacific 
Hydrogen Valley strategy. 

The next important cluster is countries with high GDPI, to 
indicate the longevity of Asia-Pacific Hydrogen Valley through 
financial stability and capital readiness. Singapore and Brunei 
Darussalam, as the countries with the most prominent GDPI 
in the region, are the definite candidates to take heavy 
involvement in the regional funding support system, although 
the lack of existing hydrogen roadmap may require Singapore 
and Brunei to receive the knowledge from the experienced 
players, i.e., Japan, South Korea, Australia and New Zealand. 
The previously mentioned countries with leading RDEI values 
are also equipped with favorable GDPI. This may allow them 
to financially support the R&D progression independently. 
Moreover, if inter-state patronage network is administered, 
these countries may be able to fertilize the advancement of 
Asia-Pacific Hydrogen Valley by virtue of hydrogen infra- 
structure establishment and investment towards skilled 
workforce across the region. 

Another category is countries with great DECP values, as an 
indication of preparedness in supplying the energy and ma- 
terials to support hydrogen production. Once again, Brunei 
holds the great capacity in the energy supply to boost the 
initial stage of hydrogen production, as characterized by the 
highest DECP value. This is also reflected on the existing 
hydrogen collaboration with Japan, as Brunei is the suitable 
partner for the project for the reasons of: (1) itis a country with 
massive energy excess after domestic use, and (2) the 
geographical location allows a smoother international 
hydrogen transportation. It is noteworthy to discuss that 
although DECP is interpreted as the capacity to supply energy 
sources by means of domestic fossil fuels, such capacity is the 
most feasible hydrogen production route to inaugurate the 
Asia-Pacific Hydrogen Valley in the near future, in company 
with the rapid progress in energy transition to renewables 


that must be effective concurrently. The next energy giant is 
Australia, suggested by the second highest DECP. Besides 
Australia could be one of the primary energy suppliers to the 
Asia-Pacific Hydrogen Valley, its courageous ambition in 
renewable energy transformation indicating a potential that 
Australia would fit as the role model to transform brown or 
grey hydrogen to green hydrogen. Albeit the low DECP rank, it 
is interesting to observe Indonesia as a massive energy pro- 
ducer from the absolute energy unit produced and it possesses 
tremendous unharnessed renewable energy potentials. Under 
comprehensive hydrogen energy strategies, rigorous and 
binding yet constructive energy policies, Indonesia may hold 
as an energy supplier leader in the Asia-Pacific Hydrogen 
Valley. On the same perspective of absolute energy unit pro- 
duced, Malaysia, Thailand and Vietnam could be the second- 
ary actors in the group. 

On hydrogen infrastructure enactment, certain countries 
in Southeast Asia would carry the favorable characteristics as 
destination. Countries, including Philippines, Indonesia, 
Vietnam and Thailand, have a relatively lower material, pro- 
duction and operational costs and tariffs than the rest in the 
pool, making them as preferable destinations to invest in 
hydrogen infrastructure construction. For that reason, they 
would be appealing the potential stakeholders in the prospect 
of Asia-Pacific Hydrogen Valley. Additionally, their 
geographical locations in Asia-Pacific region in this study is 
profoundly strategic. This would allow them to be the 
hydrogen supply-chain central or hydrogen transportation 
transit destination in the region, that is to transport the 
hydrogen produced from the potential producing countries 
such as Australia, New Zealand, Indonesia, Brunei Dar- 
ussalam, to the hydrogen importing countries such as Japan, 
South Korea and the rest of the countries in the pool. 


Conclusion 


The immersion of hydrogen energy is starting to become more 
apparent in Asia-Pacific region, yet the existing adoption is 
quite contrast. This is mainly driven by the affordability of the 
new hydrogen technology of a country. This paper dissects 
and comprehensively discuss the potential of Asia-Pacific 
countries in adopting hydrogen energy in their energy mix 
by evaluating their strengths in domestic energy capacity 
(DECP index), social component (HPI index), national economy 
power (GDPI index) and progression in R&D sector (RDEI 
index). A country carries a greater potential when the 
connection of the four indices is favorable, and it is sensible 
that the developed countries bear the competency. Assess- 
ment of the techno-socio-economy nexus in this paper, 
however, further reveals deeper identity and capacity of the 
countries in Asia-Pacific. 

The extensive hydrogen strategies that are presently in 
effect set Japan, South Korea, Australia and New Zealand as 
the potential leading nations to instigate the Asia-Pacific 
Hydrogen Valley. Simultaneously, the high values in RDEI 
and HPI are indicative of maintaining great hydrogen R&D 
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advancement with low social insecurity towards the energy 
transition scenario. As suggested by the highest GDPI values, 
Singapore and Brunei Darussalam hold the uppermost po- 
tential in providing capital aids to the Asia-Pacific Hydrogen 
Valley. Meanwhile, nations with massive energy capacity, as 
indicated by DECP, such as Brunei Darussalam and Australia, 
possess the superior capacity in supplying the energy re- 
sources. The next potential energy suppliers are Indonesia, 
Malaysia, Thailand and Vietnam, under basis of the current 
capacity in energy production per absolute energy unit. 
Countries with low operational tariffs and geographical loca- 
tion advantages, including Philippines, Indonesia, Vietnam 
and Thailand, would be the eligible candidates for hydrogen 
energy infrastructure and transit hubs in the Asia-Pacific 
Hydrogen Valley supply chain. 

Asia-Pacific region comprises of countries with diverse yet 
unique capacities in energy sector, some countries are natu- 
rally gifted with indigenous energy resources and geograph- 
ical benefits, while some are advanced through economic 
power. With such special composition, Asia-Pacific could 
utilize each other's strengths in developing an international 
hydrogen energy hub: Asia-Pacific Hydrogen Valley. In actu- 
alizing this, there is a strong need of supportive involvement 
from governments and policy makers in respective countries 
to unite and leveling the same interest and goal. The more 
energy players in the region will increase the economic 
competitiveness in the region, thus elevating the progression 
in hydrogen energy market. Further feasibility studies, tech- 
nical investigations and rigorous hydrogen policy constitu- 
tions are encouraged to commence in the near future as they 
are the essentials as the first foundation of Asia-Pacific 
Hydrogen Valley and the expansion of international 
hydrogen supply chain in the region. 
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